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PREFACE. 



The subject of riveting is by no means so simple as might 
at first sight be supposed, and the author, having had much 
trouble in collecting and arranging the various experiments 
which have been pubUshed on the subject and drawing 
thence practical conclusions for his own guidance, thinks that 
other Engineers, who have neither time nor opportunity for 
traversing the same ground, may, perhaps, find the following 
paper a useful rdaumS of our present knowledge on the sub- 
ject of riveting. It was originally read at the Institution of 
Civil Engineers in Ireland, and the author is indebted to the 
Council of the Institution for their kind permission to publish 
the paper in a separate form from the " Transactions," 
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PART L 

lEON PLATES AND IKON BIVETS. 

1. Shearing Strength of Bar Iron. ^On the subject of 
shearing, Professor Unwin makes the following remarks:* — 
" In Wohler's researches (in 1870) the shearing strength of 
iron was found to be | of the tenacity. Later researches 
of Bauschinger confirm this result generally, but they show 
that for iron the ratio of the shearing resistance and tenacity 
depends on the direction of the stress relatively to the 
direction of rolling. The above ratio is valid only if the 
shear is in a plane perpendicular to the direction of rolling, 
and if the tension is applied parallel to the direction of 
rolling. The shearing resistance in a plane parallel to the 
direction of rolling is different from that in a plane perpen- 
dicular to that direction, and again differs according as the 
plane of shear is perpendicular or parallel to the breadth of 
the bar. In the former case the resistance is 18 to 20 per 
cent, greater than in a plane perpendicular to the fibres, or is 

♦ Pioc. L M. E., 1881, p. 827. 
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equal to the tenacity. In the latter case it is only half as 
great as in a plane perpendicular to the fibres/' 

Table I. ^ves the shearing strength of iron derived from 
direct experiments on rolled bars. Clark's experiments were 
made with a bent lever, the fulcrum of which was a round bar 
in place of a knife edge, and it is probable that the apparent 
shearing strength in his experiments was in excess of the real 
strength, in consequence of the friction of the apparatus and 
the uncertainty as to the exact leverage. 



Table I. — Tensile and Shearing Strengths of Bar Iron, 



Authority. 



1^ 


Tensile 
strength 

per 
sq.inch. 


Inch. 


Tons. 


i 


24 


i . 


22*23 


i 


— 


i 


— 


f 


— 


i 


— 


1 


— 


— 


25-4 


'— 


25-4 


1 


26-0 


1 


23-8 


1 


24-2 


1 


24-1 



Shearing strength per 
square inch. 



Single shear. Double shear. 



Obsenrations. 



Clark, - 

Greig Jt 

Eyth, 
Shock, • 



Hjurkort • 
Dick, 



Tons. 
24-15 



19-68] 
17-41 

17-61 
18-50 1 
17-90 1 



Tons. 
22-1 

19-01 

18-82 

17-23 

17-76 



> 



S 



16-88 
16-78/ 



S 



S 



16-5 

20-2 

21 

20 

20-S 

19-4 



:^ 



Kivet iron of excellent 

quality. 
Taylor's Yorkshire rivet 

iron. 
Ordinary rotund bar of 

commerce. 
Do. 

Do. 

Do. 

Do. 

Not stated whether in 
single or double shear. 
Do. 



Rivet bars, 
Do. 
Do. 
Do. 



Do. 
Do. 
Do. 
Do. 



Clark ; Britannia and Conway tubular bridges, p. 890. 

Greig & Bvth ; Proa I. M. E., 1879, pp. 292, 293. 

Shotek ; Clark's Manual of Rules, &c., for Mechanical Engineers, p. 567. 

Harkort & LavaUey ; Proc. I. M. E , 1881, p. 327. 

Dick ; Trans. Inst, of ;Bng. attdShi^^builders. in Scotland, Vol XXV., p. 67. 



OF BIVETED JOINTS 5 

2. Shearing Strength of Iron Rivets in the Joint. — Professor 
XJnwin has made a valuable report on riveted joints to the 
Kesearch Committee of the Institution of Mechanical Engi- 
neers, from which, as well as from the original accounts 
of the experiments. Tables II., V., and VI. have been 
derived.* 

Table II. — Shearing Strength of Iron Rivets in Single Sliear, derived 
from Experiments on Single-biveted Lap Joints, with Drilled 
Holes^ broken by the Rivets Sheanng, 



Mode of 
riTeting. 


1}- 


Stress In joint at moment of 

fracture^ 

Tons per square inch. 




fiemarks and source 
of experiments. 


TensUe, 
on net 
plate 
area. 


Shearing. 


Cmsh- 
ing. 


Hand, - 


22-00 


15-10 


18-63 S 
OD 


29-63 


five}" 


Stoney, f" pLites. 


» 


ft 


17-76 


17-90 .| 
18-30 )S 


28-84 


Do. 


Do. do. 


» 


if 


20-90 


28-75 


Do. 


Do. do. 


Machine, - 


— 


■— 


18-51 )S 

20-34 'i 

1 
19-58 il 


— 


•84" 


Fairbairii. 


Hand, - 
Machine, - 





: 


— 


•82" 
•84" " 


. Do. 
Do. Countersunk. 


Steam, • 


22-25 


19-48 


18-44 „ 
18-61 2 


26-56 


— 


Greig and Eyth. 


n 


M 


19-63 


26-77 


— 


Do. 


Hydraulic, 


» 


20-43 


19-35 ?S 


27-86 


— 


Do. 


Steam, - 


» 


21-29 


17-31 P 


29-69 


— 


Do. 


Mean shearing strength \ 
of rivets in single ( 
rivetedUp joints with ( 
drilled holes, ) 


18-70 


— 


— 





♦ Proc. Inst. M. E., 1881, pp. 841 to 344. Trans, fioy. Irish Ac, Vol XXV., 
p. 451. Proc. Roy. Soc, 1873, p. 261. 
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Table III. — Shearing Strength of Iron Eivets in Single Shear^ derived 
from Eocperiments on Single-riveted Lap Joints, with Punched 
Holes^ broken by the Rivets Shearing, 



Mode of 
Tireting. 


1 


Stress in joint at moment of 

fracture, 

Tons per square inch. 


ill 


Remarks and source 
of experiments 


Tensile, 
on net 
plate 
area. 


Shearing. 


Crush- 
ing. 


Hand, 

Machine, - 
Hand, 


22^00 
22-00 


11-97 
H-75 


17-78 
19-90 

19-53 
20-61 
21-20 


do 
o 

II 


27-94 
32-60 


fivef" 
rivets. 

Do. 

•84" 
•82" 
•82" 


Stoney, |" plates. 
Do. do. 

Fairbaim. 
Do. 
Do. Countersunk. 


Mean shearing strength \ 
of rivets in a single ( 
riveted lap joint with ( 
punched holes, } 


19-80 


— 


— 


— 



Table IV. — Shmring Strength of Iron Rivets in Single Shear^ 
derived from Experiments on Double-riveted Lap Joints, with 
Punched Holes^ broken by the Rivets Shearing,* 



Mode of 
Riveting. 




Stress in Joint at moment of 

fracture, 

Tons per square inch. 


Ill 


Remarks and source 
of experiment. 


Tensile, 
on net 
plate 
area. 


Shearing. 


Crush- 
ing. 


? 

Hand, * 


21-6 
18-25 


19-8 
14-23 


18-6 
19-35 


? 

29-9 


Four 

W 
nvets. 

Two 
J. 

nvets. 


Knight, ^" B. B. 
boiler plates. 

Stoney, f " plates. 


Mean shearing strength \ 
of rivets in double- ( 
riveted lap joints with ( 
punched holes, ) 


1898 


— 


— 


- 



Proc. Inst. M. E., 1881, p. 720. Trans. Boy. Irish Ac, Vol. XXV., p. 461. 
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Table V. — Shearing Strength of Iron Rivets in Single Shear, derived 
from Experiments on Single-eiveted and SmGLE-covERED Butt 
Joints^ with Punched Holes, broken hy the Rivets Shearing, 



Mode of 
riveting. 


Il4 

Ill 


Stress in joint at moment of 

fracture. 

Tons per square inch. 




Bemarks and source 
of experiment. 


TensUe, 
on net 
plate 
area. 


Shearing. 


Grnsh- 
ing. 


Steam, - 

■ 


24-08 


13-87 


17-02 


20-06 


— 


( Kirkaldy, single 
\ cover. 



Steel 18 harder than iron, and iron rivets are shorn by steel 
plates with a lower unit-stress than occurs with iron plates, 
in the ratio of 16J tons to 19J tons per square inch of rivet 
section, i.e., about 14 per cent, less, according to Admiralty 
experience.* 

Table VI. gives the results of several other experiments on 
the shearing strength of iron rivets connecting steel plates, t 

Mr. Denny inferred from his experiments (Table VI.) that 
the shearing strength of iron rivets is 19 tons per square 
inch. J It will be observed that his experiments were made 
on single rivets in double shear, and the shearing unit-strength 
of a single rivet is probably somewhat greater than that of 
several rivets shorn together. In the discussion on Mr. 
Denny's paper, Mr. Parker says: — **In an iron joint the 
strength of the rivets to resist shearing will not probably be 
more than 18 or 19 tons per square inch,"§ and it will be 
observed in the experiments recorded by Mr. Parker (Table 
VI.) that the shearing strength per square inch of the small- 
sized rivets in ^ inch plates was much greater than that of 
the larger rivets in the thicker plates. 

* Trans. Inst. Nay. Arch., 1884, p. 274, and 1885, p. 189. 
+Proc. Inst. M. E., 1881, p. 350. Trans. Inst. Nav. Arch., 1878, pp. 13, 
14,andl880, p. 204. 
I Trans. Inst, Nav. Arch., 1880, p. 192. 
§ Idemt p. 222. 
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OP KIVETED JOINTS. 9 

Brunei made experiments on double-riveted and double- 
covered butt joints vrith punched holes, in one of which the 
rivets (in double shear) were sheared with a stress of 20*6 
tons per square inch,* and, many years since, Mr. Doyne made 
experiments on riveted joints, no doubt with punched holes, 
and he states that the average shearing strength of rivets 
is 18*82 tons per square inch in smgle shear in a single- 
riveted lap joint) and 17*55 tons per square inch in double 
shear.t 

Sir Edward Eeed states, as the results of carefully con- 
ducted experiments at Chatham Dockyard, that the mean 
shearing strength of a | inch rivet of Lowmoor or Bowling 
rivet iron in single shear was 10 tons, and when shorn in two 
places 18 tons. As, however, he does not give the exact 
diameters of the rivets after they filled the holes, these 
experiments do not throw much light on the subject, except 
to show that the shearing unit-strength of iron rivets is 
greater in single than in double shear. X 

From these various experiments, and having regard to the 
fact that riveting for experiments is probably done more 
carefully than the average run of actual work, we are not 
warranted in assuming higher standards for the shearing 
strength of iron rivets in single shear than 19 tons pei" 
square inch in punched iron plates, and 18, or at most 18*5 
tons in drilled plates, the rivets in the latter being weaker, 
probably, as Maynard suggests, because the sharp edges of 
drilled holes have a tendency to shear off the rivet cleaner 
than those of punched holes. Adopting 4 as the usual factor 
of safety, this makes the working shearing stress of iron rivets 
in iron plates from 4*5 to 4*75 tons per square inch, though 
5 tons is the standard adopted by some engineers. Mr. Milton, 

* Clark's Manual for Mech. Engineers, p. 640. 
+ Proc. Inst. C. E., VoL IX., p. 367. 
t Beed on Shipbuilding, p. 351. 
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one of Lloyd's surveyors, states that Lloyd's rules for boilers 
practically credit ** rivets either in punched or drilled holes 
with a strength of 18 tons per square inch."* The calculations 
in the Board of Trade rules for marine boilers are apparently 
based on a shearing strength of 21 tons per square inch, 
but their minimum factor of safety is 5, and this does not 
allow the working shearing stress to exceed 4*25 tons per 
square inch. Mr. Shaler Smith, the distinguished American 
engineer, adopts 4*46 tons per square inch for the work- 
ing shearing stress of pins, bolts, and rivets.f Other Ameri- 
can engineers, however, specify that the shearing stress 
of rivets and bolts shall not exceed 2*68 tons per square 
inch.J The balance of evidence seems to show that the 
shearing unit-strength of iron rivets is greater in single than 
in double shear, and probably also it is greater in double- 
riveted than in single-riveted lap joints. Lloyd's and the 
Board of Trade rules for marine boilers recognise this, and 
they direct that the shearing area of rivets in double shear 
shall be calculated at only 1*75, in place of twice the shear- 
ing area of rivets in single shear; Machine riveting is 
generally stronger than hand riveting, and experiments by 
Messrs. Greig and Eyth indicate an improvement in rivets 
made by the quickly applied stroke of a steam riveter, or 
a hydraulic riveter with a quick moving accumulator, over 
that done by one with a slow moving accumulator*^ They 
found, however, *' that the plate, especially if soft, is much 
less injured by hydraulic riveting, and that this method 
has, therefore, a decided advantage where the plate is the 
weaker part; but that the rivet itself is stronger when put in 
by the steam riveter, owing probably to the greater compact* 

* Trans. InBt. Nav. Arch., 1882, p. 115. 
t Trans. Am. Soc. 0. E., Vol. X., p. 139. 
t Proc. Inst. C. E., Vol. LXXVII., p. 263. 
§Proc. Inst. M. E., 1879, p. 271. 
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ness of tlie rivet material obtained by the sudden shock."* 
Experiments by Mr. Kirk seem to show that a tighter joint 
may be obtained with thick plates if the pressure on the 
head of the rivet is sustained for a sensible period, so that the 
plates may be pressed together while the rivet is cooling; it 
then maintains its contractile grip on the plates without any 
risk of their springing apart while the rivet is still hot and 
ductile, t 

3. Size and Pitch of Iron Rivets — Proportions of Joints — 
Boilermakers* Practice — Shipbuilders* Practice. — ^The diameter 
of iron rivets in boiler work is generally about twice the thick- 
ness of the plate when the latter does not exceed f inch ; after 
this the proportion is gradually reduced until the diameter of 
the rivet nearly equals the thickness of the plate, the limit of 
diameter being about 1^ inches, as this is the largest rivet 
that can be conveniently worked in practice. 

Tables VII., VIII., and IX., give Boilermakers' propor- 
tions for riveting. Table VII. shows the practice of various 
manufacturers for riveted iron joints. It has been compiled 
by Mr. Tweddell, who says — "With rivets up to 1-inch 
diameter it seems to be the universal practice to make the 
* margin,' or distance from outside of rivet to edge of plate, 
equal to the diameter of rivet. With very large rivets, 
^iV* ^h ^^ IJ-inch diameter, some makers allow rather less 
margin — namely, 1, lj\^ lJ-in."J 

Table VIII. is copied from Seaton's Manual of Marine 
Engineering, p. 348, and for Table IX. the author is indebted 
to Mr. Aspinall, President of the Institution of Civil Engi- 
neers of Ireland. 

♦ Proc. Inst. M. E., 1879, p. 278. 
t/tfem,1881,p. 329. 
t Idem, p. 293. 
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Table YTL-^Boilenndkers^ PraporthM for Lap jaintSj Iron Ptata 
and Iron Rivets (Tweddell). 



It 


Lap Jcdnte, alngle-riTeted. 


Lap jointa, donhle-riyeted. 


Diameter «f 

OiominalX 


Pitch of 
rlvetB. 


Diameter of 

rlTet, 
(nominal). 


Fitch of 

rivets. 


Distance between 

ptteh lines of 

two transrerse 

rowsof rivetL 


inch. 

i 
1 


inch. 

1 
i 

i 

*to} 
}tof 
J tol 
1 to li 
1 to If 
1 to li 
Utolf 


inch, 
li 
IJ 

14 

1} to 2 
2 to2i ^ 
2i to 21 
2i to 2| 
2j^ to 8 
2^ to 2J 
2f to 3 


inch. 

i 

itof 
3toJ 
J to 1 
1 to li 

It 

li to li 

If 


inch. 

2Jto2J 
2ito2ii 
2ito3i 
2} to 8* 

8 to 4i 
Si to 3t 

8J 
3J 


inch. 

litol} 
lTVto2 
lito2i 
2 to 2i 
2 to 2J 

2f 

2i to 2| 

2i 



Table VIII. — Boilermaker^ Proportions for Butt Joints^ DovMe 
Straps^ Double-riveted Zigzag; Iron Plates and Iron Bivets 
(Seaton). 



Thlckneas of 
plate. 


Diameter of 

rlTeta, 
(nominal). 


Pitch of rivets. 


Breadth of 
Bbraps. 


TUckneaa of 
strapa. 


inch. 


inch. 


inch. 


inch. 


inch. 


i 


i 


8* 


81 


i 


« 


« 


n 


9| 


h 


i 


1 


4 


10 


A 


« 


lA 


4i 


101 


4 


1 


1* 


4J 


Hi 


* 


1* 


lA 


4i 


Hi 


« 


n 


li 


6 


12J 


1 


lA 


lA 


6i 


18i 


i 


u 


lA 


6A 


13 


if 
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OF BIVETED JOINTS* 15 

M. Antonie gives the following empirical formula for the 
diameter of iron rivets in shipbuilders' practice.* 

d=VWi (1) 

where d = diameter of rivet, 
i = thickness of plate. 

Tables X., XL, and XIII., give Shipbuilders' proportions 
for riveting, copied from the rules of the Underwriters of 
Lloyd's, Liverpool, and Bureau Veritas. 

Lloyd's Rules. — " The butts of outside plating to be chain- 
riveted. All double and treble riveting, except in the keel, 
stem, and stem-post, is recommended to be chain riveting. 
In chain-riveted butts, a space equal to twice the diameter of 
the rivet to be between each row ; where treble riveting is 
adopted, a space equal to twice the diameter of the rivet to 
be between each row, with half the number of rivets in the 
back row. The overlaps of plating, where chain riveting is 
adopted, are not to be less than six times the diameter of 
the rivets; and, where single riveting is admitted, to be 
not less than three and a half times the diameter of the 
rivets. The rivets are not to be nearer to the butts or 
edges of the plating, butt straps, or of any angle iron, than 
a space equal to their own diameter; and, in edge rivet- 
ing, the space between any two consecutive rows of rivets 
must not be less than once and a half their diameter. The 
rivet holes to be regularly and equally spaced and care- 
fully punched from the faying surfaces opposite each' other 
in the adjoining parts, laps, lining pieces, butt straps, and 
frames; and countersinking to extend through the whole 
thickness of the plate or angle bar. They are to be spaced 
not more than four diameters of the rivet apart from centre 
to centre in the butts of the plating, and not more than from 
four to four and a half diameters apart in the edges of the 

♦ Proc. Inat. 0. E., Vol XXIL, p. 200. 
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plating and at other parts, excepting in the keel, stern^ and 
stern-post, where they may be five diameters, and through 
the frames and outside plating, and in reversed angle iron on 
frames, where they may be eight diameters apart from centre 
to centre. The rivets in the flanges of the gunwale angle irons 
to be spaced not more than four and a half diameters apart 
from centre to centre, and those connecting iron decks and 
stringer plates to the beams to be spaced from seven to eight 
diameters apart. The rivets are to be of the best quality, and 
to be in diameter as per Table X., and to be increased in 
size under their heads to fill the rivet holes. When riveted 
up, the rivets are completely to fill the holes, their heads are 
to be ' laid up,' and their points or outer ends are not to be 
below the surface of the plating." 

Table XI. — Liverpool Proportions for Ship Riveting (Iron). 



Thickness of Plates, 
in sixteenths of 
an inch. 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


16 


Diameter of EireiB, 
in sixteenths of 
an inch, 

1 


10 


10 


12 


12 


13 


14 


14 


16 


16 


16 


17 


18 


Breadth of Lap in 
Seams, in inches. 
Single riveting. 


n 


n 


3 


3 


















Double riveting, - 


3| 


3J 


4J 


H 


5 


H 


H 


6 


6 


6 


«J 


6? 


Breadth of Butt 

Strip, in inches. 
Double riveting, - 


8 


8 


10 


10 


10} 


114 


11} 


13 


13 


13 


18} 


14J 


Treble riveting, 


12 


12 


14J 


14J 


151 


17 


17 


19 


19 


19 


19J 


21J 


^Quadruple riveting. 


16 


16 


19 


19 


20} 


22} 


22} 


25 25 


25 


26} 


28J 


Liverpool Rules 


, 


'*B 


ivet 


3 to 


be 


4 d 


iam 


etei 


^S 


apa 


rtf 


rom 



centre to centre, longitudinally in seams and vertically in 
butts, except in the butts where treble or quadruple rivet- 



OF RIVETED JOINTS. 17 

ing IS required, when the rivets in the row farthest from 
the butt may be spaced eight diameters apart, centre to 
centre. Rivets in framing to be eight times their diameter 
apart from centre to centre, and to be of the size required 
by table. Rivets in shell plating, in deck ties and stringers, 
in centre plate, and in fiat keels and keelsons, are to have 
their necks bevilled under their heads, so as to fill the 
countersink made in punching, and their heads should not 
be thicker than two-thirds of the diameter of the rivet, 
and it is recommended that the necks of all rivets be 
bevilled under the heads. The rivet holes in outside plating, 
deck stringers and ties, gunwale and gutter angle-irons and 
* iron decks, to be carefully countersunk quite through the 
plate or bar. The face, or largest diameter of the counter- 
sink, should not be less than one and a half times the diameter 
of the rivet. All butts of plates to be chain riveted. All 
butt and seam holes must be punched from the surfaces which 
are placed together, so that the taper of the holes shall be 
in opposite directions. The holes to be punched fair, and 
opposite each other; unfair holes will render the piece of 
work badly punched liable to rejection. Where holes cannot 
be truly punched they must be drilled through fair. Butts to 
be closely fitted, either by planing or jumping; when jumped, 
the ridge formed by jumping to be chipped off the inside, in 
order that the butt strips may fit closely. The ridge outside 
to be hammered into the joint. Butt strips to have grain of 
iron in the same direction as, and to be of not less thickness 
than, the plates which they connect. When double butt 
strips are fitted, they may each be two-thirds the thickness of 
the plates united by them. Treble riveted strips to be at 
least ten per cent, thicker than the plates they connect. 
Treble riveted strips on sheer strakes of and over twelve- 
sixteenths thick, to be at least fifteen per cent, thicker than 
the plates they connect. Quadruple riveted strips on sheer 
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strokes of and over fourteen-sixteenths thick, to be at least 
twenty per cent, thicker than the plates they connect," 

Table XII. — Bureau Veritas, Proportions for Ship Riveting {Iron). 



Thick- 
ness 
of 
Plates. 


Diameter of Rirets 


Breadth of Laps for 


Width of Bntt Straps and 
Thickness for 


for 
Plates 

and 
Angle 
Irons. 


for bar 

Keels, 

Stem, 

and 

Sternpost. 


Single 
Rivet- 
ing. 


Doable 
Zigzag 
Riyeting. 


Double 

Chain 

Riveting. 


Double 
Riveting. 


Treble 
Riveting. 


16th8. 


letllB. 


leths. 


In. 


In. 


In. 


In. l6thB. 


In. 16ths. 


4 


8 


12 


IJ 


2J 


3 


6ix4 


9ix5 


5 


9 


13 


2 


3i 


31 


7X5 


lOf X6 


6 


10 


14 


21 


31 


3f 


7JX6 


lljx7 


7 


11 


15 


21 


8f 


4J 


8ix7 


12| X 8 


8 


12 


16 


2J 


4 


4J 


9X8 


18JX9 


9 


13 


17 


— 


4:fV 


« 


9J X9 


14t X 10 


10 


13 


17 


— 


4A 


41 


9? X 10 


141 X 12 


11 


14 


18 


— 


4J 


H 


104 X 11 


15|X18 


13 


14 


18 


— 


4J 


H 


10} X 12 


16X14 


13 


15 


19 


— 


5 


H 


11} X 13 


16J X 15 


14 


16 


20 


— 


5:ftr 


6 


12J X 14 


18i X 16 


15 


17 


20 


~ 


5| 


6f 


— 


19i X 17 


16 


18 


21 


— 


6i 


6J 


— 


20} X 18 



Bureau Veritas, Rules. — " The rivets to be of the best 
description of fibrous iron, and in size according to the table. 
The holes to be regularly pitched, and carefully punched 
opposite each other from the joint surfaces. The countersink- 
ing of the outside plating and stringers to extend through 
two-thirds of the thickness of the plate; the holes not to be 
nearer to the edge of any plate or angle bar than the diameter 
of the rivet. Bivets in the outside plating to be laid up 
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round the heads, to fill the holes and countersink, and be 
finished flush on the outside. The keel rirets may be left 
full or convex. The longitudmal spacing of rivets in seams 
of plating, bulkheads, and for all water-tight parts not to 
exceed four diameters from centre to centre for single riveting, 
and four and a half diameters for double riveting. The 
riveting of butts for the two first rows to be four diameters 
from centre to centre, and eight diameters for the third row. 
The spacing of rivets in keel, stem, and stempost not to 
exceed five diameters from centre to centre. In chain rivet- 
ing the distance from centre to centre between the rows to 
be equal to three times, and in zigzag riveting to be equal to 
twice the diameter of the rivet. The diameter of rivets and 
system of riveting to be determined by the thickest plate." 

The rivets in girder work are generally the same size as 
those adopted by boiler makers, but, as girders do not require 
caulking like a boiler, the pitch, or distance of rivets from 
centre to centre, is much greater, and usually varies from 3 to 
5 inches, but it should not exceed ten to twelve times the 
thickness of a single plate, as otherwise damp may get between 
the plates and cause rust, which in time swells and bursts them 
asunder. In girder work, also, the tension joints are generally 
triple or quadruple riveted, to enable sufficient rivet area 
to be obtained without weakening the plates by numerous 
transverse perforations ; and Mr. Milton has lately drawn 
attention to a matter which, though previously known, was 
seldom acted on — ^namely, that the shearing strength of rivets 
in triple and quadruple riveting is theoretically less than in 
single or double riveting, in consequence of the unequal stress 
and unequal stretching of the plates between the several rows 
of rivets.* This brings an undue stress on the outer rows of 
rivets, and.it seems therefore desirable to provide an excess 
of rivet area, say 10 per cent., in triple or quadruple riveted 
* Tram, Inst. Kav. Arch., 1885. 



20 THE STRENGTH AND PROPORTIONS 

joints to compensate for this unequal distribution of stress 
among the rivets. This remark probably applies with con- 
siderable force to joints in the flanges of girders when they 
are formed with piles of plates, but is of less importance in 
ordinary cases, for in Kirkaldy's experiments for the Board of 
Trade on triple-riveted lap joints with steel plates and steel 
rivets, the shearing strength of the latter does not appear to 
have been at all diminished by the unequal stress in the plates 
referred to by Mr. Milton.* 

Mr. Moberly informs me that the practice at the works 
of Messrs. Easton and Anderson of Erith is to make the 
punch about -j^ inch (that is, from 5 to 12 per cent.) larger 
in diameter than the rivet (the larger percentage being used 
with the smaller rivets), and to make the die larger than 
the punch at the rate of J inch for 1 inch thickness of plate. 
Hutchinson also says the difference between the punch and 
the die may be taken as not much less than ^ of an inch to the 
inch in thickness ;t thus, in punching for a 1-inch rivet in a 
plate 1 inch thick, the punch will be l-jV inch and the die will 
be 1/^ inch in diameter, and for the same rivet in a ^ inch 
plate the punch will be 1^^ '^^^^ ^^d the die will be Ij inch 
in diameter. This clearance of the die outside the punch 
equals 12*5 per cent, of the thickness of the plate, or say 
6 per cent, of the nominal diameter of the rivet for plates 
not exceeding | inch in thickness, but increasing up to about 
10 per cent, of the nominal diameter of the rivet when the 
latter reaches the larger sizes above 1 inch in diameter. As 
the punched hole is conical, its diameter at the top being 
equal to, or slightly larger than that of the punch, and 
at the bottom equal to the diameter of the die, the mean 
diameter of the punched hole is found by adding the nominal 
diameter of the rivet to half the clearances of the punch 

* Merchant Shipping Experiments, pp. 83, 85. 
f Hutchinson's Girdennakiog, p. 53. 
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and die added together. Taking a | inch rivet with | inch 
plates as an average example, we find that the clearance 
of the punch is /^ inch, or nearly 8 per cent, of the nominal 
size of the rivet ; and the hole in the die is /^ inch larger 
again than the punch, that is, its clearance is -^-^ inch, or 14 
per cent, of the nominal size of the rivet. The mean clear- 
ance of the punched hole for a f inch rivet is therefore about 
11 per cent, of the nominal size of the rivet, or even more if 
the die be somewhat worn by use. In boiler work the plates 
are put together with the larger, or countersunk, ends of the 
holes outwards, and the shearing diameter of the finished rivet 
is equal to, or a little greater than that of the punch, which 
in the case of our f inch rivet is 8 per cent, larger than the 
nominal size of the rivet. The following table will illustrate 
this example more clearly: — 

Inch. Inch. Inch. 

Nominal size of I inch rivet, l| = ^| zz 0*75 

Diameter of punch, •••if = f I = 0*8125 

Diameter of hole in die, ... fl = 0*8594 

Diameter of conical hole ) at top 08125 ) |J§ 

produced by punching, ) at bottom 0*8594 ) g 6 

Wilson says that ** the allowance made in the length of a 
rivet for forming the head should be about \^ times the 
diameter for snap and conical heads, and about equal to the 
diameter for countersunk heads. In machine riveting the 
length requires to be J to J inch more than the above."* 
This affords an additional reason for machine riveting being 
somewhat stronger than hand riveting, inasmuch as more 
metal is squeezed into the rivet by the machine than by hand. 

4. Tensile Strength of Perforated Plates, — The theoretic 
percentage of the strength of a perforated plate at any joint, 
as compared with that of the solid plate, is as follows : — 

* Wilson on Steam Boilers, p. 55. 
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Theoretic percentage = ^"~ x 100 (2) 

where p = pitch of rivets (in inches), 

d = diameter of rivets (in inches). 
This theoretic percentage is, however, rarely or never obtained 
in practice with iron plates, as will appear below. Nearly all 
experimenters on the subject agree that punching generally 
reduces the tenacity of iron and steel plates to a greater 
degree than the area of the metal punched out, and a close 
examination of the border of each hole shows that it has 
been subject to a certain degree of violence, which in most 
cases has reduced the ductility of the metal, and made it 
locally crystalline in fracture, and, as some suppose, caused 
incipient cracks round the edge of the hole; but this latter 
seems doubtful, as Mr. Beck-Gerhard, of the Poutiloff works 
at St. Petersburg, instituted " an investigation as to whether 
there was any foundation for the very generally received 
opinion that the edges of a punched hole on the die side 
are injured by a ring of minute incipient cracks. For 
this purpose a large number of specimens, 5 inches by 3 
inches by ^ inch of all kinds of steel were prepared. The 
edges were planed, the surfaces polished, holes were pierced 
in various ways, and the metal surrounding them was care- 
fully examined with a microscope, but no trace whatever of 
cracks could be found, though the nature of the steel ranged 
from 01 to 06 per cent, of carbon."* Owing to its hardness 
and inability to stretch, this annulus of strained material round 
the punched holes, when the specimen is under tension, takes 
a higher proportion of the stress than the other more yielding 
parts, and hence it reaches the breaking-point sooner — that is, 
the punched plate breaks in detail: — ^first the annulus of 
hard metal gives way, and afterwards the more ductile portion 
between the holes. Rimering, or boring out, a zone of metal 
♦Proc. Inst 0. E., VoL LXXVn., p. 460. 
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^th inch wide round the punched hole rai ^grte fltlii^Gatrifa^a^i^ 
of strained material and neutralises the effec ff " M ' j Pi llroii ig. 
Countersinking has also the same effect,* and annealing after 
punching also restores the ductility and original tenacity of the 
metal, but it is seldom or never considered necessary to anneal 
iron plates, though this is often done with thick steel ones. In 
numerous experiments on the subjectf the loss of tenacity in 
iron plates from punching varied from 5 to 23 per cent, of 
the original strength of the solid plate, but the percentage 
in any particular case will doubtless depend — 1®. On the 
diameter of the holes. 2°. On their pitch. 3°. On the width 
of the strip punched, for wide plates are apparently less injured 
than narrow strips, perhaps because it is difficult to centre the 
holes accurately in the latter. 4°. On the condition of the 
punching tool — i. e.<, the sharpness of its cutting edges, and 
the maintenance of the proper proportion of size between the 
punch and the die. 5°. On the quality and thickness of the 
metal, hard iron generally suffering more than ductile iron, 
and thin plates less than thick ones.J Probably, the most 
accurate method for making an allowance for the injurious 
effect of punching would be to add a certain percentage, say 
one-tenth to one-fifth of its diameter to each hole, when calcu- 
lating the effective net area of a punched plate. Mr. White 
states that "in making their estimate for riveted work in 
the Eoyal Navy, they were accustomed to allow 4 tons off 
the very best iron for punching — 4 tons off 22 tons."§ 
Civil Engineers, however, rarely make any similar allow- 

* The Admiralty practice in countersinking steel plates is to punch the hole 
-^inch less than the smaller end of the countersink, -which is carried through 
the full thickness of the plate, and thus removes all the strained material. — 
Wildisb, Trans. Inst. Nav. Arch., 1885. 

t Proc. Inst. M. E., 1881, p. 323. 

t In Mr. Sharp's experiments on steel plates, the reduction of tenacity due 
to punching was greater the harder the material of the plates, but annealing 
restored them to their original strength. — ^Proc. Inst. M. E., 1881, p. 307. 

§ Proc. Inst. C. E., VoL LXIX., p. 36. 
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ance in riveted girder work, perhaps because the rivet holes 
are generally pitched farther apart in girders than in ships. 
Drilling does not strain or damage the metal surrounding 
the hole, and it is, therefore, to be preferred for first-class 
work. Some experiments seem to show that the unit-strength 
of a drilled iron plate is greater than that of the solid plate, 
owing, it is supposed, to the flow of the metal between the 
holes, and consequent contraction of area during the last 
stages of testing, being restrained by the adjoining solid 
parts — or, in other words, the drilled plate does not con- 
tract sideways and stretch lengthwise in the line of trans- 
verse holes as much as a solid plate would from the same 
unit-stress, and the contraction of area at the line of 
fracture is thus less in the perforated than in the solid 
plate. With punched plates, however, as already explained, 
the action of the punch causes initial stresses in the annulus 
of metal around each hole and thus alters its power of 
stretching, so that at the crisis of fracture this strained 
part gets an excessive proportion of the load and breaks 
before the other parts of the plate are strained to their full 
capacity. This increase of strength from drilling, however, 
is so extremely doubtful with iron that it cannot be depended 
on for increasing the tenacity of a drilled plate. With mild 
steel, however, it is more important. Mr. Longridge states 
that in a long series of experiments on perforated iron 
plates, whether the holes were punched or drilled, there 
was an absolute loss of unit-strength from perforation. In 
some few of the drilled plates there was a gain, but only a 
slight one.* In the author's experiments on drilled iron plates, 
though some of them showed a gain from perforation, the 
majority showed an absolute loss.f 

5. Lap of Plates and Pitch of Rivets. — A joint may fail 

* Proc. Inst. M. E., 1881, p. 267. 
t Trans. Roy. I. A., 1876, p. 464. 
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from the holes being too close to the edge of the plate, in 
which case the rivet splits or bursts open the margin of the 
plate in front of itself. Experiments indicate that the margin 
of single-riveted lap joints need not exceed one diameter of 
the rivet (§ 3) — that is, the lap of single-riveted lap joints need 
not exceed three times the nominal diameter of the rivet for 
plates ; with bars, however, the lap should not be less than 
from 3J to 4 diameters of the rivet, as the end of a narrow 
bar is evidently more liable to split open than the edge 
of a wide plate, where the adjoining parts hold the mai-gin 
up to its work.* In boiler work the lap is generally three 
nominal diameters of the rivet for single-riveted lap joints 
and about five nominal diameters for double-riveted lap 
joints; if the lap much exceeds five diameters the plates 
are not close along their edges, and it is difficult to make 
the seam steam-tight by caulking. In shipbuilding, how- 
ever, the lap is somewhat greater than in boilerwork (see 
Tables X., XI., XII.), and in girder work, where the 
edges of the plate are often roughly shorn, the margin, 
or distance between the rivet holes and edge of the plates, 
is seldom less than IJ times the diameter of the rivet. 
Browne observes that, " as the effect of punching is to weaken 
the plate to some distance all round the punched hole, the 
result will be that in the space between any two successive 
holes in the straight line of rivets the plate is weakened twice 
the distance that the punching affects, but in the zigzag line 
between the same two holes the plate is weakened to the extent 
of four times the same distance," and he recommends the longi- 
tudinal distance between the pitch lines in zigzag riveting to be 
two-thirds of the transverse pitch. " In chain riveting, how- 
ever, the rivets in the second row, being opposite to those in 
the first row, are in the same position with respect to the first 
row as the rivets in a single-riveted joint to the edge of the 

♦ Trans. Roy. I. A., Vol. XXV., p. 468;. 
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lap. Hence, by the same rule as before, the distance between 
the rivet holes in the two rows will be one diameter, making 
the distance between the pitch lines 2 diameters ; but as the 
plate between the holes will be injured at both sides by 
punching, it will be safer to make the distance 2^ diameters 
between the pitch lines."* The rules thus obtained by 
Browne for double-riveted lap joints with punched holes are 
briefly as follows : — 

Diameter of rivet = 2 times thickness of plate. 

Pitch - - = 4:^ diameters of rivet, t 

= 5^ diameters in chain riveting. 
6 diameters in zigzag riveting. 

Wilson says that the width of the strap for double-riveted 
butt joints in boiler work should be at least nine times the 
diameter of the rivet, and may with thick plates be ten times. $ 
In shipbuilding the width of the strap is much greater (see 
Tables X., XI., and XII.). 

6. Lap joints, effect of bending. — Single-riveted lap joints 
bend considerably under severe stress, and the plates are then 



Lap - - -J __ 




liable to tear, not only from bending along the line of holes, but 
because they are subject to an unequally distributed crushing 
stress, in consequence of the rivets pressing more on the inner 
than on the outer edge of each plate. The unit-strength of 
the plate is thus much less in single-riveted lap joints than 
in perfectly straight joints, such as double-covered butt joints, 
or joints where they are bent but slightly, such as double 
and triple-riveted lap joints. Indeed, Fairbairn concludes 

* Proc. Inst. M. E., 1872, pp. 62, 68, 64. 

f This pitch is rather large for steam-tightness. The pitch in double-riveted 
lap joints in boiler work seldom exceeds 3|, or at most 4, diameters of the rivet. 
t Wilson on Steam Boilers, p. 85. 
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from his experiments that the unit-strength of the iron 

between the holes of double-riveted lap joints is equal to that 

of the solid plate. * It will also be observed that the rivets 

in the bent joints are in tension as well as in shear, and if 

their heads are too small they are sometimes pulled off in 

testing the joint. 

Table XIII. — Experiments showing the Reduction of Unit-strength of 
the Plates in Single-riveted Lap joints compared with their original 
Unit-strength before Perforation. 





Ratio of tensile 

unit-strength 

of net area of 

plate in the 

joint to the 

nnit-strength 

of the original 

solid plate. 


Experimenter. 


Remarks. 




per cent. 






t 


71 ] 
95 




Stonej 


1 in. plates and five } in. rivets, 
hand riveted. 

Do. do. 


-2 


101 
76 


I 


99 


Do. do. 
Do. do. 


1 


100-6 




» 


Do. do. 


s 

1 


S6 


< 


It 


Do. do. 


99 


» 


Do. do. 




84 
97 


Greig & Eyth 
»» 


f in. plates and four f in. rivets, 

steam riveted. 
1 in. plates and four i in. rivets. 


i 


79 
65 


-g 


Stoney 


1 in. plates and five | in. rivets, 
hand riveted. 

Do. do. 


1 
1 


96 
92 
76 

78 


i 

CO 


»> 
»» 


Bo. do. 
Do. do. 
Do. do. 
Do. do. 


1 


76 


1 


99 


Do. do. 




76-6 




Greig & Eyth 


1 in. plates and four f in. rivets, 
steam riveted. 



* Fairbaim's Usefol Information for Engineers, 1st Series, p. 283. 
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7. Single-riveted Lap joints — Reduction of Vnit-strength 
of Plate — Efficiency of Joints, — Table XIII. contains the 
results of 14 experiments by the author, and 3 by Messrs. 
Greig and Eyth, on single-riveted lap-joints of fairly good 
proportions.* 

Keducing these results to a simple standard, we have — 

Tensile unit-strength of the solid plate, - - 100 

„ of the plate remaining between 

the holes in single-riveted lap 
joint with drilled holes, - 90 

„ ditto with punched holes, - 80 

We thus see that from the mechanical treatment — {.«., 
drilling or punching — and from the joints bending under 
severe stress, the iron which remains between the holes in a 
single-riveted lap joint with §-inch plates of fair proportions 
loses 10 per cent, of its original unit-strength when the holes 
are drilled, and 20 per cent, when they are punched. This 
result agrees closely with Fairbairn's conclusion, from his 
experiments on thinner punched plates, that the unit-strength 
of the iron between the holes of single-riveted joints is 79 
per cent, of that of the original plate.f To obtain the actual 
strength of the joint we must make a .farther reduction for 
tho metal cut out by the holes, which reduces the strength 
of the Joint to little more than one-half of the foregoing 
percentages, as shown by the following abstract, which has 
been derived from experiments by the author and others on 
well-proportioned single-riveted lap joints in which the tensile 
strength of the plates and the shearing strength of the rivets 
were pretty fairly balanced: J — 

* Trans. Roy. I. A., Vol. XXV., p. 451, and Proc. Inst. M. E., 1879, p. 297. 
f Useful Information for Engineers, Ist Series, p. 283. 
t Proc. Inst. M. E., 1881, pp. 340, 341 ; Trans. Roy. I. A., VoL XXV., 
p. 451. 
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Table XIV. — Experiments showing the Efficiencj/ of Single-riveted 
Lap joints in percentages of the strength of the original solid plate. 



PUKCHBD H0L«8. 


Drilled Holes. 


Experimenter. 


Efficiency 
of Joint, 
^percent. 


Broken by rivets 
shearing or by 
plates tearing. 


Experimenter. 


Efficiency 
of joint, 
per cent 


Broken by rivets 
sliearing or by 
plates tearing. 


Fairbaim - 


46 


Plates torn - 


Stoney, |-in. 
plates. 


45 


Plates torn. 


»» 


46 


i> 


55 


»> 


99 


44 


» " 


» 


50 


» 


99 


44 


Rivets sheared 


» 


44 


»» 


Kirkaldy - 


54 


Plates torn - 


>» 


50 


n 


Stoney, |-in. 
plates. 

>9 


50 
44 






50 
44 


»» 

19 


»» 


47 


»» 


>» 


46 


Rivets sheared. 

1 


«» 


45 


»> 


M 


50 


}) 1 


y> 


45 


» 


Greig&Eyth 


50-4 


Plates torn. 


„ 


47 


jt 


»» 


46-5 


}» 


» 


37 


»» 


» 


50-8 


» 


»» 


38 


Rivets sheared 


»> 


53-9 


Rivets sheared.' 


}> 


46 


»» 


» 


57-6 


» 


Greig&Eyth 


40.6 


Plates torn - 


>» 


— 


— 


Mean 


,449 




Mean, 49-5 



The eflSciency of a joint is the ratio of the strength of the 
joint to the strength of an equal width of solid plate, and 
from the foregoing table we may infer that the average 
eflSciency of single-riveted lap joints, with |-inch iron plates 
and with drilled holes, does not exceed 50 per cent, of the solid 
plate, and that with punched holes it does not exceed 45 per 
cent, of the solid plate. This view is strengthened by the 
following table, showing the calculated eflSciency of single- 
riveted lap joints of ordinary boilermakers' proportions. 
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The table has been calculated from the following data, which 
are based on the experiments and deductions already described 
in this paper: — 

1. The holes are punched. 

2. The shearing strength of rivets = 19 tons per sq. inch. 

3. The tensile strength of the soUd plate =22*5 tons per 

square inch. 

4. The tensile strength of the plate between the holes, in 

consequence of punching and bending, in a single- 
riveted lap joint = 80 per cent, of the tensile strength 
of the solid plate, = 18 tons per square inch. 

In the experiments in Table XIV. on single-riveted lap 
joints the difference of strength in favour of drilled over 
punched work Is about 10 per cent, of the latter ; but experi- 
ments are still wanting to show what is the corresponding 
difference in double-riveted lap joints or double-covered butt 
joints. In these latter the relative advantage derived from 
drilling is probably less than in single-riveted lap joints, in 
consequence of the pitch of the rivets being wider. 

8. Double-^veted Lap joints. — The imit-strength of the 
plate in a double-riveted is considerably higher than in a 
single-riveted lap joint, in consequence of there being fewer 
perforations in each transverse row of rivets, and also in 
consequence of the double rows keeping the joint from 
bending through so great an angle as the single-riveted joint, 
and the average efficiency of double-riveted lap joints, with 
iron plates not exceeding f inch in thickness and designed 
for strength (not for steam-tightness), is probably about 60 
per cent, of that of the solid plate, as shown by the experi- 
ments in Table XVL :— 
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Table XVI. — Experiments on Efficiency of Double-riveted Lapjoitits. 



Mode of 
riveting. 


Punched 

or 
DriUed. 


Efficiency of 
joint-<.e, 

ratio of 

strength of 

joint to that 

of solid plate 

of same width. 


Remarks. 


Experi- 
menter. 


Authority. 


Machine 

Machine 
Machine 

Machine 


Punched 

Punched 
Punched 
DriUed 


per cent. 
58 to 60 

60-3 

53-8 

64-5 
60 

62-8 

61-9 


Plates mostly 
4", and rivets 

«"tor. 
Mean of 10 
experiments. 

— 

Mean of 3 
experiments. 

Plates i",and 

rivets i" 

and J". 

Mean of 2 

experiments. 


Fairbairn 
Kirkaldy 

Kirkaldy 
Kirkaldy 

Kirkaldy 


Unwin. 

Proc. I. M. E., 

1881, p. 345. 

Longridge. 
Engineer, Feb., 

1877. 

Fletcher. 

Proc. I. M. E., 

1881, p. 275. 

Moberly. 
(Communicated.) 

Unwin. 

Proc. I. M. E., 

1881, pp. 345, 346. 

Unwin. 

Proc I. M. E., 

1881, p. 345. 

Greig & Eyth. 

Proc. I. M. E., 

1879, p. 297. 



The efficiency of double-riveted lap joints with thick iron 
plates, however, probably does not exceed 55 per cent, of the 
strength of the solid plate. 

9. Butt joints — Crushing Pressure of Rivets. — Single-covered 
butt joints, with covers of the same thickness as the plates, 
are merely modifications of lap joints, and the few experi- 
ments on the subject indicate that their efficiency is nearly, 
but not quite, the same as that of similarly riveted lap joints. 
If, however, the cover of a single-covered butt joint be made a 



I 



OF RIVETED JOINTS. 33 

good deal thicker than the plate, the bending of the joint will 
be restndned^by th^ stiffness of the cover, and the strength 
of the joint will be somewhat increased. The Board of Trade 
rules for marine boilers specify that, '^ when single butt-straps 
are used and the rivet holes in them punched, they must be 
one-eighth thicker than the plates they cover," and that when 
double butt-straps are used they should be at least f ths the 
thickness of the plates they cover. Professor Unwin states 
that in some experiments butt-straps of equal thickness with 
the plates proved weaker than the latter, and he recommends 
that single butt-strips should be made 1^ times the thickness 
of the plate and double butt-straps, each f ths of the thick- 
ness of the plate.* Mr. T. Aveling, who has had much 
experience in boiler-making, states that when the strap for 
butt joints with single covers was made 25 per cent, thicker 
than the boiler plate itself, that would be found to be the 
best method of forming the longitudinal seams, as well as of 
coupling the rings of the boiler together, f In double-covered 
butt joints the rivets are in double shear, and the bearing 
pressure of each rivet against the central plate is twice as 
great as in a lap joint, provided the shearing unit-stress of 
the rivet be the same in both cases. In lap joints this bearing 
pressure rarely exceeds 30 tons per square inch when the 
joint is tested to fracture — ^that is, assuming that^the pres- 
sure IS uniformly distributed over the bearing surface, which 
in reality is not the case on account of the bending of 
the joint (see § 6), and there seems some reason for supposing 
that when the bearing pressure of a rivet in single shear 
much exceeds this, the tenacity of the plate is reduced.^: 
There is also reason for supposing that when the bearing 
pressure of a rivet in double shear — that is, its bear- 

* XJnwin's Machine design, p. 87. 
fProc. Inat M. E., 1879, p. 315. 
fBroc. Inst M. B., 1881, p. 333. Trans. Roy. I. A-, Vol XXV., p. 453. 

C 
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ing pressure against the middle plate of a double-covered 
butt joint, exceeds 40 tons at the crisis of fracture, the 
tenacity of the plate is somewhat reduced, and Professor 
Kennedy concludes from his experiments that the shearing 
strength of rivets is also reduced by severe bearing pressure. 
However this may be, the efficiency of a well-proportioned 
single-riveted butt joint with double covers is, judging from 
the few experiments on the subject, somewhat less than that 
of a double-riveted lap joint — ^say 55 per cent, of the strength 
of the solid plate, and that only when the rivets are pitched 
so that the joint will break indifferently by shearing the rivets 
or tearing the plate. The efficiency of double-riveted and 
double-covered butt joints, if well prpportioned, may probably 
be calculated at about 66 per cent, of the strength of the solid 
plate, unless the plates exceed f inch in thickness, when the 
efficiency of the joint will be somewhat less. The joints in the 
tension flanges and tension bracing of girders are generally 
triple or quadruple-riveted, and the transverse pitch of the 
rivets generally ranges from 3 to 6 inches, so that the 
efficiency of the joints varies according to the design ; but it 
can scarcely exceed 80 per cent, of the strength of the solid 
plate, and hence it happens in girder- work that the increased 
width of flange in consequence of the rivet holes adds seldom 
less than 20 per cent*, and sometimes much more, to tb^ 
. theoretic weight of a tension flange — that is, its weight calcu- 
lated on the imaginary hypothesis that it is made of solid 
iron without joints or perforatiops. As the covers are gene- 
rally triple or quadruple-riveted, their length is considerable, 
and their weight forms an important addition, in many cases 
over 12 per cent, to that of the theoretic solid flange. 

10. Contraction oflUvets and resulting Friction of Plates, — 
Kivets contract in cooling and draw the plates together with 
such force that the friction produced between their suxfi^ces 
is generally sufficient to prevent them from sliding over each 
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other BO long as the stress lies within limits which are not 
exceeded in ordinary practice, and in this case the rivets are 
not subject to shearing stress. From experiments made 
during the construction of the Britannia Tubular bridge it 
appears that the amount of this friction is rather variable.* 
In one experiment, with a ^-inch rivet passing through three 
plates, and therefore in double shear, it amounted to 5*6 tons, 
in another, with a ^-inch rivet and two plates lap- jointed, with 
/^-inch washers next the rivet heads, it reached 4'73 tons, 
while in a third experiment, with three plates and J-inch 
rivet, with ^-inch washers next the rivet heads, making the 
shank of the rivet 2|-inch long, the middle plate supported 
7*94 tons before it slipped. In these experiments the hole 
in one or both plates was oval, and the slipping took place 
suddenly. In subsequent experiments made by the Admi* 
ralty,t one plate was riveted between two others, and 
the friction with ^-inch plates and |-inch rivets amounted 
to 4*6 tons per rivet, and with J plates and 1-inch rivets, it 
amounted to 5'6 tons per rivet. In these experiments, rivets 
with pan heads and conical points had the advantage ovet 
snap points, and countersunk riveting caused much less friction 
than other systems. This agrees with the author's experience, 
and Hutchinson also says it is well known among practical 
boiler makers that iron rivets finished with a cup-shaped snap 
are not so tight as those hammered until they are nearly cold, 
and finished off without the use of the snap.$ Later Admi- 
ralty experiments, however, made at Pembroke Dockyard 
with steel rivets, do not agree with the above, for they showed 
" that on the whole the friction is greatest for the counter- 
sunk rivets." § In Professor Kennedy's experiments on f-inch 

* Clark's Tubular Bridges, p. 393. 

f Wilson on Steam Boilers, p. 58. 

I Hutchinson's Girder-making, p. 62. 

§ Wildish, Trans. Inst. Nav. Arch., 1885, p. 190. 
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steel plates, 11 inches wide, lap-jointed and single-riveted with 
seven |-inch steel rivets and hand-riveted, the mean at which 
visible slipping occurred was about 23*5 per cent of the 
breaking load of the joint, but in some cases it was visible 
very much sooner than this ;* and other experiments by Prof. 
Kennedy on double-riveted steel joints, and some made by the 
Admiralty officials also,t indicate that the friction of joints 
made with machine riveting is much greater than that of 
joints made with hand riveting. Thus, in Professor Kennedy's 
experiments the friction of double-riveted steel joints made 
with hydraulic riveting varied from 34 to 57 per cent, of the 
breaking load, and was nearly double that of similar joints 
made with hand riveting. J The hammers used in his experi- 
ments, however, were rather light — only 4 lbs. weight, and 
steel rivets require heavier hammers than iron rivets, in 
order to knock them down quickly and finish the points 
before they become black. For instance, 8 lb. hammers are 
used for hand riveting in the ship yard of Messrs. Harland and 
Wolff. Notwithstanding the lightness of his hammers, the 
ultimate strength of the hand-riveted steel joints in Pro- 
fessor Kennedy's experiments was quite as great as that of 
joints hydraulically riveted. The friction of the plates is an 
important factor in the staunchness of boilers and, as it is 
usual to test them hydraulically to double their working 
pressure, the joints should be designed so that this water 
test, as well as the expansion and contraction due to 
changes of temperature, will not cause the joints to slip. 
Though the friction of riveted plates may be sufficient to 
convey the normal working load without subjecting the rivets 
to a shearing stress, it does not follow, nor do experiments 
indicate, that the ultimate strength of a riveted joint is 

•Proc. Inst. M. B., 1881, p. 228. 

t Wildish, Trans. Inst. Nav. Arch., 1885, p. 190. 

t Proc. Inst. M. E., 1885. 
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increased by this friction. On this subject the following 
instructive remarks occur in the memorandum issued by the 
Board of Trade for the use of their surveyors in connection 
with steel riveting:* — 

*' It has been usual in some quarters when considering the 
ultimate stress borne by riveted joints to attribute considerable 
importance to the friction between the plates caused by the 
force with which they are held together by the rivets. 
Whatever value may justly be attached to this at the ordinary 
working stress, an inspection of the riveted joint when being 
tested to destruction effectually dispels all idea of the ultimate 
stress being in the slightest degree affected by it, owing to 
the extent to which the joint gapes, as shown in the annexed 
sketch:— 

'^ It is interesting to note that the higher the stress sus- 
tained, as in the case of riveted joints with drilled holes, the 
greater the amount of opening is observed at A. In the case 
of some 1-inch treble-riveted lap-joints which have been tested 
for the Board of Trade, the opening has in some cases been 
as much as j^-inch. It is scarcely necessary to insist upon 
the fact that under such conditions the ultimate stress of the 
material either at C or D, where fracture occurs, cannot be 
increased by any amount of friction which existed at the time 
f construction. It may not be amiss to remark that even in 
the case of riveted joints fitted with double butt-straps the 
bending of the rivets causes the butt-straps to open, and 
apparently destroys all friction between the plates and butt- 
straps." When several plates are riveted together with 
numerous rivets, as in the piled flanges of girders, this slipping 

*Mercluuit Shipping Experiments on Steel, p. 82. 
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does not occur, for Mr. Baker experimented on two wrougfatr- 
iron girders, with 5 and 8 plates respectively in their flanges, 
each of 20 feet span and 2 feet deep, which he tested to 
failure* There was no movement in the rivets, and the pile 
of plates behaved almost like a welded mass of iron, and 
Mr. Baker states '* that he had invariably found that badly 
punched girders, with the holes partly blind and the rivets 
tight but not filling the holes, deflected neither more nor less 
than the most accurately drilled work." 

11. Bearing Area of Iron Rivets. — Fox's experiments on 
the eye-bars of suspension bridges indicate that the bar will 
tear across the eye when the bearing pressure of the pin 
reaches 40 tons per square inch;t but, as already stated, there 
seems some evidence to show that when the crushing pres- 
sure of a rivet in single shear, that is, its pressure against 
the plate in a lap joint, exceeds 30 tons per square inch, it 
reduces the tenacity of the plate ; and this, if correct, places 
a superior limit to the proper diameter of rivets, for when the 
thickness of the plate remains constant, the shearing area of 
the rivets increases much faster than their bearing area.^ 
Latham says — " If one-inch rivets in half -inch plates be 
subjected to a calculated average testing stress of 7 tons to 
the square inch of effective bearing area, some will be found 
marked by the plates cutting them in a few days," and he 
adopts 5 tons per square inch of bearing surface as the safe 
working pressure of rivets against plates. § It seems probable, 
however, as Professor Unwin suggests, || that some of the 
rivets in Latham's experiments bore at first harder than the 
others, and that a minute yielding of one or two rivets merely 

♦ Proc. Inst. C. E., Vol. LXT., p. 194. 
t Proc. Roy. Soc., VoL XIV., p. 139. 

t The bearing area of a rivet is measured by the product of its diameter by 
the thickness of the plate against which it bears. 
§ Latham on Bridges, pp. 18, 24. 
li Unwin's Iron Bridges, p. 105. 
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lirottght the rest to a bearing, thus equalising the stress 
throughout the joint, for Fairbaim's experimenter for the Iron 
Plate Committee show that iron plates are not indented with a 
less pre6sui*e than 11 tons per square inch,* and in later expevi'* 
ments by Tangye no impression was made on Low Moor iron 
by a pressure of 20 tons per square inch.f Latham's rule for 
bearing pressure agrees closely with the usual American practice 
with pinned girders, as engineers in the United States generally 
limit the bearing pressure of wrought-iron pins in eye-bars 
to from 10,000 to 12,000 lbs. (4*46 to 5-36 tons) per square 
inch on the projected area of the pin4 American en^neers, 
however, frequently adopt a much lower shearing stress for 
rivets than is usual in English practice, for they often limit 
the shearing stress of rivets to from 6,000 to 6,500 lbs. (2'68 
to 2*9 tons) per square inch, with the same bearing pressure 
as they allow for pins.§ Other American engineers, however, 
follow English practice closely, and specify that the area 
of rivets shall not be less than the sectional area of the 
joined pieces, || and Shaler Smith adopts 4'46 tons per square 
inch for the shearing stress of pins, bolts, and rivets.^f 
When a rivet is in double shear, the bearing pressure is 
frequently much greater than Latham's rule allows, unless, 
indeed, the friction of the plates prevents this bearing pres- 
sure from coming into action. If, for example, a butt-joint 
be made by riveting |-inch plates between double covers with 
rivets exactly |-inch in diameter, the rivet shearing area on 
each side of the central plate = 0*44 square inches, and its 

* Unwi|i'8 Iron Bridges, p. 108. 

t Clark's Manual of Bules for Engineers, p. 582. 

$Proo. Inst. C. E., Vol LIV., p. 197, and Bender on Pins vmd in Bridges, 
p. 15. 

§PttHs. Inst- 0. B., VoL LXXVII., p. 268 ; Thwtow'p Matii^|iia« of X»^» 
Fart II., p. 641 ; and Dubois' Strains on Framed Structures, p. 876. 

II Proc. Inst. C. B., Vol. LIV., p. 197. 

ir Trans. Am. Soc. C. B., 1880, p. 189. 
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bearing area against the central plate = \" X %" = 0*28 
square inches nearly. Consequently Latham's rule would 
permit a working pressure of only 5 X 0*28 = 1*4 tons, 
whereas the working stress (calculated from the shearing area 
according to the usual English limit of 4*5 tons shearing stress 
per square inch in single shear and 1| times as much in 
double shear) z= 0-44 x 1-75 X 4-5 = 3-46 tons, or more than 
twice what Latham's rule allows. The bearing pressure of the 
links of a common chain against each other often far exceeds 
the bearing pressure of rivets by any of the foregoing rules. 

12. Strength of Iron Rivets in Tension. — Rivets are sometimes 
used for supporting weights, or for holding pieces together 
by their heads and points, in which case the rivets are subject 
to tensile in place of shearing stress, and their strength depends 
on the force required to pull off the rivet heads. In some 
experiments made by the author with |-inch iron rivets with 
pan heads and hand-made snap points in punched holes, the 
heads or points flew off with an average pull of 7 tons per 
rivet, or 12*32 tons per square inch of rivet area, and he 
adopts a factor of safety of 5 for this class of work in ^rders. 
Shaler Smith limits the stress on rivets in tension to 2'23 
tons per square inch.* 

13. Efficiency of riveted Iron Joints. — The following is a 
summary of the conclusions already formed respecting the 
efficiency of riveted joints with iron plates varying from ^^ 
to I inch in thickness. With thicker plates the efficiency will 
probably be much less. Calling the total tensile strength of 
the original solid plate 100, the efficiency of various joints are 
as follows, and that only, provided the pitch of the riveting 
is so arranged that the joint is on the point of giving way 
from the tearing of the plate or the shearing of the rivets 
indifferently. Otherwise from 10 to 20 per cent, may be 
taken off the percentage of efficiency given in the table. It 

* Tnofl. Am. Soc. C. E., 1880, p. 189. 
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will also be recollected that the covers of single-covered batt 
joints should be. thicker than the plates they connect (§ 9). 
Table 'XYlL-^Relatwe Efficiency of Iron Joints of various kinds. 







Effldency, per cent. 


Original BoHd pUte, 


- 


100 


Lap joint, single-riyeted, punched. 


- 


45 


Do. do. drilled. 


- 


60 


Do. douUe-riTeted, - 


- 


60 


Bait joint, single oover, single-riTeted, 


- 


- 45 to 50 


Do. do. douUe-riyeted, - 


- 


60 


Do. double cover, single-riyeted, - 


- 


55 


Do. do. double-riveted, - 


- 


66 


Tension flanges of girders, triple or quadruple 


riveted. 


70 to 80 



Future experiments may modify the foregoing percentages, 
which have been deduced from experiments by various persons 
differing widely in their individual results. 

Ex. What is the strength per running inch of a single-riveted lap joitit with 
i inch plates and punched holes if the tensile strength of the iron is 21 tons 
per square inch ? Here the tensile strength of the solid plate is 10*5 tons per 
running inch, and we have, 

Atmoer. Strength of joint per inch run = *45 X 10*5 = 4*7 tons, of which, if 
a marine boiler, one-fifth, = 0*94 tons, will be the safe working stress. 

14, Theoretic Proportions of Joints. — The theoretic pro- 
portions of riveted joints may be found as follows: — 
Let d = the diameter of the rivet hole in inches, 
t = the thickness of the plate in inches, 
p = the transverse pitch in inches, 
/ = the tensile strength per square inch of the net 

plate area between the holes, 
s =: the shearing strength per square inch of the rivet's 

section in single shear, 
c = the crippling pressure per square inch of the rivet 
against the plate — i.e., the pressure of the rivet 
that reduces the capacity of the rivet to resist 
shearing or that of the plate to resist tearing 
(see §§9 and 11). 
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(a). To find the theoretic diameter of a rivet in single or 
in double shear. Equate the crippling pressure of the rivet, 
to ijts sh^airing strength ast follows:— 

For single shear^ cdt = •7854d*«, 

Ex. 1. What is the theoretic diameter of the rivet hole in a } inch punched 
ilron plate in a lap joint, either single or double riveted ?• 
He^, c = 80 tons per square inch (see § 9)» 
< = J inch, 
» = 19 tons per square inch for punched holes (see p. 9). 

f!or double shears the shearing strength of an iron rivet = 
1*75 times that in single shear (p. 10), and we have 
cdt = 1-75 X •7854(P« 

^^''^^'' ^ = 1-75 x%854. = vwm '^'^ 7 = rAs <*> 

Ex. 2. What is the theoretic diameter of the rivet hole in a i inch punched 
iron plate in a butt joint with double covers ? 

Here, c = 40 tons per square inch (see § 9), 
t = ^ inch, 
« = 19 tons per square inch for punched holes. 

(6). To find the theoretic pitch in single-riveted joints, 
either in single or double shear. Equate the crippling pres- 
sure of one rivet to the tearing strength of the net plate area 
between two holes as follows : — 

cdt:;zft(p-d) 

whence, p = ^-±^d and ^ = ^-^ (5) 

Alit&r. 

Equate the shearing strength of one rivet to the tearing 
strength of the net plate area between two holes, as follows: 
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For single shear, •7854d*< z=ft(p — d) 
whence, ^^ '7854^^+/^ ^,^ 

For double shear, 1-75 X •7854d«« zsifiip — d) 
whence, ^ ^ l-374<?^ +/^i (7) 

Ex. 8. What 18 the theoretic pitch for a } inch punched iron plate in a 
single-riveted lap joint, the tensile strength of the solid plate being 22 tons per 
square inch, but reduced 20 per cent, by punching and the bending of the 
joint ? (see § 7.) 

Here,' c = 80 tons per square inch (see § 9), 
t'=\ inch, 

d s= 1 inch (see ex. 1), 

« = 19 tons per square inch for punched holes, 
/s 0*8 X 22ton8 = 17*6 tons per square inch (see § 7). 

-injwr (eq. 6). |) == ^jt/rf = ?5±1I^ = 27 inches. 
^«^(eq.6). An^, p ^ '7S6i^.^fidJ'7S5i X 19^+ (17'6 X '5)^^,^ ^ 

Ex. 4. What is the theoretic pitch for a ^ inch punched iron plate in a 
single-riveted butt joint with double covers, the tensile strength of the solid 
plate being 22 tons per square inch, but reduced by punching to 20 tons per 
square inch in the perforated plate ? 

Here, 6 = 40 tons per square inch (see § 9), 
t = i inch, 

d = '77 inches (see ex. 2), 
« = 19 tons per square inch for punched holes, 
/= 20 tons per square inch. 

-4n«w<fr(eq. 5). |) = ^±/d = ^^^±^ X 77 « 2-a inches. 
J «0 

(l'874x77l'xl9) + (20x'5X'77) _g.3^ inches. 
20 X -5 

(c). To find the theoretic pitch in double-riveted joints, 
either in single or double shear. Equate the crippling pres- 
sure of two rivets to the tearing strength of the net plate area 
between two holes as follows :-^ 

2cdt=zft(p — d) 

whence, p = ?^d and ^ = ^-^-^- (8) 
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Aliter. 
Equate the shearing strength of two rivets to the tearing 
strength of the net plate area between two holes> as follows: 
For single aliear, 2 X 'ISSicPs =zft(p — d) 

whence, p = 1:57^+^ (9) 

For double shear, 2 X 1-75 X •7854(P« ^ift^jp^-d) 
whence, ^^2Uid}s^ftd ^^^^ 

Ex. 5. Wliat IB the theoretic pitch for a \ inch punched iron plate in a 
double-riveted lap joint, the tensile strength of the solid plate being 22 tons per 
square inch, but reduced by punching to 20 tons in the perforated plate ? 

Here^ e ~ 30 tons per square inch (see § 9), 

/= 20 tons per square inch, 

« = J inch, 

s = 19 tons per square inch, 

c2 = 1 inch (see ex. 1). 
il«a««r(eq.8). p =. gf+Zd = ^ X 80 + 20 ^ ^.p ^^^ 

ilKfer(eq.9). iliimr. p = l!?!^!:^ = 

( 1-57 X 19) + (20 X -5) ^ 3.^8 .^^^ 
20 X -6 

Ex. 6. What is the theoretic pitch for a \ inch punched iron plate in a 
double-riveted butt joint with double covers, the tensile strength of the solid 
plate being 22 tons per square inch, but reduced by punching to 20 tons in the 
perforated plate ? 

Here, c = 40 tons per square inch (see § 9), 
t = \ inch, 

/= 20 toDs per square inch, 
A = *77 inches (see ex. 2), 
« = 19 tons per square inch. 

iliwtwr (eq. 8). p = ?i+/d = i2L*|±i? X '77 == 8-85 in. 
ilK«er{eq.lO). Anwtr. ^ ^ 2'748(^ +/<d ^ 

(2-748 )r77 1' X 19) + (20 X '5 X '77) _ o.g. . , 
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PART n. 

STREL PLATES AND STEEL RIVETS. 



For most of the following information on steel riveting the 
author is indebted to three sources: — ^Firstly — "Merchant 
Shipping experiments on steel/' a memorandum issued by the 
Board of Trade in 1881 for the use of their Surveyors, and 
prepared by Mr. Traill, Engineer Surveyor injchief, and his 
assistants, Messrs. Bichards and Sampson. Secondly — Prof. 
Kennedy's " Results of experiments on riveted joints," made 
for the Research Committee of the Institution of Mechanical 
Engineers, and published in their Proceedings for 1881, 1882, 
and 1885. Thirdly — Mr. Moberly's papers "On tests of 
riveted joints," published in 1882 and 1883 in theJProceedings 
of the Institution of Civil Engineers, Vols. LXIX. and 
LXXII. 

15. Shearing Strength of Bar Steel by direct eaperinients. — 
Few direct experiments have hitherto been made on the 
shearing strength of steel bars, and Table XVIII. contains 
the principal ones yet published, and it will be observed that 
the average shearing strength of the steel bars in this table 
is approximately 84 per cent, of their average tensile strength, 
but this ratio varies widely in individual experimients. 

Mr. Baker says that " the steel rivets in the Forth bridge 
have a tensile strength of about 27 tons, an elongation of 
about 30 per cent., and a shearing resistance of from 22 to 
24 tons per square inch."* Extra mild rivet steel seriously 
reduces the efficiency of a joint, and a shearing strength of 
not less than 24 tons per square inch is probably the correct 
standard to seek for. 

* EDgmeering, August, 1884, p. 214. 
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Table XVIII. — Tensile and Shearing strengths of Steel Bars, derived from 

direct experiments. 



Experimenter. 



Maker of Steel 
ftnd Remarks. 



Diameter 
of bars. 



!i 
I? 






aSS 



Reference. 



Greig&Eyth 
Kennedy 

Do. 
Do. 
Do. 



John Brown & 
Go.'s mild steel, 
in doable shear. 

Landore Siemens 
Steel Go. 's mild 
rivet steel, in 
single shear. 

Do. do. 

Do. do. 

Do. do- 



inches, 
f 

H 



tons. 
2883 

2917 

30-73 
27-46 
29-03 



tons. 

19-8 

20-65 
21-09 
18-62 



Per 
cent. 

20-6 



20-9 

19-9 
23-3 



tons. 
2218 



23*41 

26 63 
24*35 
26-3 



Proc.I.M.E., 
1879, p. 292. 

Idem, 1881, 
pp. 239, 242. 



Do. 
Da 
Idem, p. 256. 



Mean 



29-04 



24*6 



16. Shearing Strength of Steel Rivets in the Joint. — Table 
XIX. contains the results of experiments made by Kirkaldy f or 
Mr. Moberly on single-riveted lap joints with punched holes.* 

Table XIX. — Shearing strength of Steel Rivets in single shear j 
derived from eocperiments on single-riveted Lap Joints with punched 
hoks^ broken hy shearing (Moberly). 



Modeofriffeting. 


Tensile 

strength 

per square 

inch of 

riret. 


Shearing 
strength per 
square inch 

of 
rivet area. 


Number and 
size of rivets. 


Remarks. 


No. 


Diam. 


Machine 
Do. 


tons. 
28-3 

28-3 


tons. 

232 
23-2 


5 
5 


in. 

1 

1 


Plates -^-inch Landore S 
steel, and rivets Landore 
rivet steel Plates were 

ing. 


Mean 


23-2 





' Proc. Inst. C. E., Vol. LXIX., pp. 859, 861. 
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Table XX, contains the results of experiments by Prof esscMr 
Kennedy on single-riveted lap joints with drilled holes.* 

Table 'SS^.'^Shearing strength of Steel Rivets in single shectTy derived from 
experiments on single-riveted Lap Joints witli drilled Holes^ broken by 
shearing (Kennedy). 



Mode of 
riTeting. 


■s 


Number and 
size of riTOts. 


Original tensUe 
strength per 
square inch. 


Shearing 
strength 

per square 
inch Of 

rivet area. 


Bearing 
pressure 
per square 


Remarks. 






No. 


DUm. 


Plate. 


Rivet. 


inch. 






in. 




in. 


tons. 


tons. 


tons. 


tons. 




Hand 


f 


2 


1-1 


) 27-27 f 

J with 

1 grain, 

> and < 

26-98 

across 

grain 


• — 


22-01 


26-29 




I* 


»» 
»> 




1 


~~~ 


2158 
21-84 


25-56 
23-59 




)» 


1 


» 


» 


29-97 


29-12 


16-63 


35-01 




»> 


»» 


» 


»> 


»> 


» 


17-29 


36-18 




it 

M 
l» 


99 


I* 

3 

M 

7 


J 

»» 


29-91 

»» 
29-33 

»» 


9> 

29-03 


24-31 
2201 
21-37 
2146 
18-23 


39-64 
35-88 
35-18 
33-17 
31-00 


Plates Landoie SS steel 
Rivets Landore mild 
rivet steel. The shear- 
ing strength of the 

> rivet steel by direct 
experiment varied from 
28-4 to 26-63 tons per 

XVIII.). 


99 


» 


» 


l> 


»> 


» 


2284 


33-46 




>» 


W 


»» 


» 


»> 


9f 


2208 


35-56 




» 


>» 


>> 


>l 


» 


»> 


20-62 


31-70 




it 


» 


$9 


»» 


» 


» 


22-09 


39-71 












Mean 


- 


21-03, or 2202 omitting experiments 4, 5 
and 10, in whicli the steel seems excep- 
tionaUy soft. 



This table seems to indicate that the shearing strength <^ 
large-sized steel rivets (1 inch and upwards) Is somewhat less 
than that of smaller sizes. In experiments made at Pembroke 
♦ Proc. Inst. M. E., 1881, pp. 248, 251, 264, 256, 717. 
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Dockyard, the shearing strengths of f , ^, and l-inch rirets 
were substantially in proportion to their respective areas.* 
Comparing Tables XIX. and XX., we find that the shearing 
strength of steel rivets in drilled holes is less than in punched 
holes, in this respect agreeing with iron rivets. It would be 
desirable, however, to repeat the experiments with the same 
rivet steel in both punched and drilled holes, as the shearing 
strengths of different specimens of rivet steel vary greatly. 
Professor Kennedy found that the size of the rivet heads 
and points played a most important part in the strength of 
single-riveted lap joints, an increase of about one-third in 
the weight of the rivets, going to the heads and points, 
increasing their shearing strength in some of his experiments 
from a little over 20 tons to over 22 tons per square inch. 
This additional strength he attributes to the prevention of 
so great tensile stress in the rivets through distortion of the 
plates.t Mr. Webb also likes to have deep heads to the rivets 
in locomotive steam boilers, so that they should not give way, 
or curi up round the edge. Mr. Moberly tried some experi- 
ments on single-riveted lap joints made with punched curved 
plates, similar to the ring seams of a boiler, and he found 
that the curvature greatly prevented the bending of the joint 
and increased the shearing strength of the rivets from 23*28 
to 24 tons, that is about 3 per cent.t 

Table XXI. contains the results of experiments made for 
Lloyd's Committee and described by Mr. Martell, and others 
made by Kirkaldy for Mr. Moberly, on double-riveted lap 
joints with punched holes, and it will be observed that both 
the tensile and shearing strengths of the rivets in Mr. 
Moberiy's experiments were above their average strengths 
in the other tables. 

♦ Wildiah, Trana. Inat. Nav. Arch., 1885, pp. 187, 189. 

t Froc. Inst. M. E., 1885. 

t Froc. Inst. G. E., Vol LXIX., p. 353. 
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Table XXII. contains the results of various experiments 
on double and triple-riveted lap joints with drilled holes, and 
it corroborates the inference that the shearing strength of 
large-sized steel rivets is slightly less than that of smaller 
sizes. It also proves that the shearing strength of rivet 
steel varies greatly. 

D 
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Comparing Tables ^XL and XXII., it would again appear 
as if the sheadng strength of steel rivets in punched holes is 
greater than in drilled holes. Comparing also the experiments 
on single-riveted lap joints (Tables XIX and XX.) with 
those on double or triple-riveted lap joints (Tables XXL 
and XXII.) y we find that the severe bending of the joint in 
single-riveted laps seriously reduces the shearing strength of 
the rivet. 

Table XXTIT. — Shearing Orengih of Steel Rivets in single ^eary 
derived from esEperhnents on Butt Joints toith single covers of 
same ikichness as Plates and dovbU-iiveUd, Moles in Flat^Sy some 
PUNCHED, and some punched and counxebsune. Holes in Covers 
DRILLED (Wildish). 





Mean shearing strength per eqiiKre incii of liyet trea. 


Pm head and 
coonterannk 

point. 

Gonntersink 

•A inch less than 

fnll thickness 

of Plate. 


Pan head and 

point. 

CounterBink 

extended right 

throng Plate. 


head and 
point. 


Pan 
head 
and 
■nap 
point. 


f-in. ziveita in }-in. plates, 
i'jjL rivets in J-in. plates, 
1-in. rirets m f-in. plates, 


tops. 
21-56 

22-52 

23-72 


tooa. 
23-17 ' 

22-13 

22-55 


tonsL 

Noresnlt 

obtfdned. 

Soiiie rivets 

drawn throTiigli, 

others sheared. 

23-59 


tons. 
21-07 

21-56 

21-58 


MewDSy 


22-6 


22^2 


— 


21-4 



Table XXIIL gives the mean results of several experi- 
ments made at the Admiralty Dockyard, Pembroke, on the 
shearing strength of steel rivets in double-riveted butt joints 
with sin^e covers of the same thickness as the plates, such 
as are used at the butt joints in the outer plating of ships. 
The plates were punched and the straps drilled, as is the 
practice in the Naval yards. Some of the plates were 
countersunk for countersunk rivets, others had snap-pointed 
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rivets ; and Mr. Wildish states that the tensile strength of 
the bars from which the rivets were made may be taken at 
28 tons per square inch,* It will be observed that the shear- 
ing strength of rivets with snap points was less than that of 
rivets with countersunk points ; why, is not very apparent. 

The foregoing table corroborates the opinion of Mr. Denny, 
whose experience as a shipbuilder is very great, and who 
gives the results of his experiments in the following words : 
*< Taking a fair view of the matter, I do not think it would 
be prudent to assume in fihip-riveting — which must in the 
most important part, the skin, be done by hand — a higher 
shearing stress (for steel) than 22 tons per square inch of 
area, against, say 19 tons for an iron rivet, "f 

The shearing strength of steel rivets in double shear, 
in three experiments (see Table XXTV.) made by Kirkaldy 
for Mr. Moberly, on double-riveted and double-covered butt 
joints, with -j^inch plates, differed according as the holes 
were punched, or punched and bored afterwards; and it will 
be observed that these experiments are at variance with the 
previous inference that rivets in punched holes are stronger 
than those in drilled holes, and further experiments are 
wanted to decide this question. In other respects, however, 
they are somewhat anomalous, for there does not appear 
sufficient reason why the shearing unit-strength should be so 
much greater in punched and drilled holes than in punched 
and bored holes4 

Messrs. Greig & Eyth made fifteen expenments § on the 
shearing strength of |-inch rivets in double shear in single- 
riveted butt joints with double covers and drilled holes. The 
rivets were both hand and machine-riveted, and their shearing 

♦ Wadish. Trans. Inst. Nav. Arch., 1885, p. 189. 
t Trans. Inst. Nav. Arch., 1880, p. 192. 
t Proc. Inst. 0. K, Vol LXIX, p. 868. 
§ Froc. Inst. M. £., 1879, p. 291 
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strength varied from 22*5 to 26*3 tons per square inch, the 
mean being 24*1 tons. 

Table XXIV. — Shearing strength of Steel Rivets in double shear in 
doubU-rvveted and double-covered butt joints with holes formed in 
various ways (Moberlj). 





Pnadied Holes, 


Punched,^, and 
lKired.«. 


Ponehed, ^, and 
drUled, f . 


Mean. 


toni. 
28-8 


toni. 
24-2 


tons. 
25-8 


tons. 
24-6 



Mr. Dennj made several experiments on the shearing 
strength of single steel rivets in doable shear with drilled 
holes, the results of which are given in the following 
table:*— 

Table "XJLY j^-^Shearing strength of Steel Rivets in double shmr 
with Drilled Holes (Denny). 



SizeofSiretand 
kind of Steel. 


Machine or 
Hand-riTeted. 


Shearing strength 
per aqnare inch. 


Bemarks. 






tons. 






Machine 


246 


Mean of 4 experiments, 


{.inch rivets 






varying from 2i to 251 
tons. 


made from 






steel. 


Hand - 


23-3 


Mean of 4 experiments, 






varying from 20*5 to 








25-6 tons. 




Machine 


233 


Mean of 4 experiments, 
varying from 22*8 to 


{•inch rivets 






24-1 tons. 










scrap steeL 


Hand • 


21-6 


Mean of 4 experiments, 
varying from 20*8 to 
221 tons. 



fTrans. Inst. Nav. Arch., 1880, p.* 204. 
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Professor Kennedy concludes that the sheariiig nmt- 
strength of steel rivets in single and in double shear is the 
same, provided the lap joints are double-riveted. In single- 
riveted lap joints, as we have already seen, the shearing 
strength is greatly reduced by the severe bending of the 
joint. The previous tables show that the shearing and 
tensile strengths of rivet steel vary very greatly, and 
although the shearing strength of rivets is generally about 
80 per cent, of their tensile strength in drilled joints, and 85 
per cent, in punched joints, these ratios cannot be depended 
on, for Profesfeor Kennedy says that some 35-ton Bessemer 
steel which he tested by direct experiment had only a shearing 
resistance of 22 to 23 tons per square inch, and in Mr. 
Moberly's experiments the tensile strejigth of |-inch steel 
rivets taken from the same lot vaaied from 31*5 to 38 tons 
per square inch.* It would, therefore, be very desirable 
that steel manufacturers should endeavour to make tough 
rivet steel with a guaranteed shearing strength of not less 
than 24 tons per square inch. The Board of Trade rules 
for marine boilers adopt 23 tons per square inch as the 
shearing strength of steel rivets in double-riveted lap joints, 
provided the tensile strength of the rivets is not less than 28 
and not more than 32 tons per square inch; and, judging 
from the various experim^ttts above recorded, it will probably 
; be safe to adopt the following provisional standards for cal- 
culating the shearing strength of steel rivets, provided the 
heads and points of rivets in single-riveted lap joints are of 
good size. Future experiments may modify this table and 
show that rivets in punched holes are no stronger than those 
in diilled holes, especially if the latter have their arrises 
scraped or very slightly countersunk to remove the sharp film 
produced by the driU, as is now the general practice in boileir 
work. : — 

♦ Ptoc. list. G. E., VoL LXTX., p. 363. 



OF SIY£T£D JOINTS. 55 



StaaAdsrd Shearing 

strength in tons per 

square inch ol 

Bivet Section. 



Single-riveted lap joints, punched holes, - 23 

Do. do. drilled holes, - 22 

Double-riveted lap joints, punched holes, - 24 

Do. do. drilled holes, - - 23 

Butt joints with single covers of same thickness 

as plates, double-riveted, snap points, - 21 

Do. do. double-riveted, 

countersunk points, - - - 22 

Butt joints with double covers, punched holes, - 24 

Do. do. drilled holes, - 23 

17. Tensile Strength of Perforated Steel Plates {not riveted), — 
Experiments show that punching materially injures the 
tenacity of steel plates when their thickness exceeds ^inch, 
the injury being greater in thick than in thin plates, and 
with hard than with ductile steel ; hence the holes in steel 
plates over J-inch thick, imless they are countersunk, as in 
shipbuilding, are generally formed in one of the following 
ways, which are arranged in their probable order of merit : — 
(1> Drilling. 

(2) Punching and annealing. * 
C3) Punching small and rimering to size. 

Mr. White states, that iri the Admiralty practice the holes 
in important parts of the structure were countersunk through 
the fuU thickness of the plates, and the material damaged 
in punching was thus entirely removed, f 

The following abstracts of experiments made by Kirkaldy 
fo^ the Board of Trade on steel plates of different thickness, 

* Annealing plates is sometimes done by raisihg- them to a dnll red heat and 
covering them with ashes or sand until cold, or better still, leaving the plates 
in the annealiTig oven until it cools ; covering up, however, is generally 
omitted, and leaving plates in the oven scarcely ever practised. 

+ Proc. Inst. 0. B., Vol LXIX., p. 38. 
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all manufactured by the Steel Company of Scotland, illus- 
trate the effects of different modes of perforation, the holes 
being "79 and 1*08 inch in diameter, and it will be seen 
that, though punching seriously reduced the unit-strength of 
plates ^inch thick and upwards, drilling materially increased 
the imit-strength of all thicknesses (but in a less degree for 
thick than for thin plates), as did also punching combined with 
annealing.* These experiments are very valuable, as the 
specimens were of large size, the plates being 12 inches wide 
and in most cases perforated with 6 transverse holes at 2 
inches pitch when the holes were '79 inch in diameter, and 
perforated with 4 transverse holes at 3 inches pitch when the 
holes were 1 inch in diameter : t — 

Table XXVI. — EocperinienU on the Tensile strength of Steel Plates 
perforated in different ways^ hut not riveted (Board of Trade). 



Specimens. 


Tensile strength per square inch of net section 
between holes. 


i-in. thick. 


|-in. thick. 


f-in. thick. 


1-in. thick. 


Unperf orated . - - 
Punched - , - 
Punched and annealed 
Drilled - - - - 


tons. 
81-65 

31-94 

33-41 

36-21 


tons. 
2916 

27-63 

30-76 

32-44 


tons. 
29-7 

24-6 

30-06 

31-64 


tons. 
27-7 

21-02 

27-82 

29-42 



The foregoing stresses may be usefully expressed in per- 
centages of strength of the solid plate as follows : — 

* The process of annealing adopted in the case of the plates so treated waste 
heat them to a dull red heat and cover them with ashes until cold.— ifercA. 
Skip, EocpU, p. 12. 

t Merchant Shipping Experiments on Steel, p. 18. 
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Table XXVII, — Relative percentages of ^rength of Steel Plates 
perforated in different ways (Board of Trade). 



Spec!ineii& 


Unit-Btrengtli of net section between holes compared 
with that of the solid plate (= 100). 


i-inch. 


^inch. 


l-hich. 


1-inch. 


Punched 

Punched and annealed 

DriUed 


percent. 
101-0 

105-6 

113-8 


per cent. 
94-2 

106-6 

111-1 


per cent. 
82-6 

101-0 

106-4 


per cent. 
75-8 

100-8 

106-1 



The mode in which the ductiKty of the steel is affected by 
the treatment it received is shown by the elongation of the 
holes at the ultimate stress as follows : * — 

Table XXVIII. — Experiments on the elongation of Holes formed in 
different ways (Board of Trade). 





Elongation of holes at ultimate stress. 


Specimens. 














i-inch. 


1-inch. 


f-inch. 


l-inch. 




percent. 


per cent. 


per cent. 


percent. 


Punched 


11-7 


18-5 


11-1 


4-8 


Punched and annealed 


27-1 


36-1 


88-0 


29-8 


Drilled - - - - 


24-8 


87-0 


87-6 


83-6 



The results above stated were fully corroborated by a 
second series of experiments on narrower plates (with this 
exception, that there was not so great a difference between 
the tensile strength of the drilled specimens and those 
punched and afterwards annealed), and it was found that 
*^ punching small and boring to size," as also '^ punching 
and countersinking," increased the unit-strength of the plate 
much in the same way as drilling did, but the operations of 

* Merch. Ship. Ezpts., p. 16. 
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boring to size or countersinking did not remove the whble 
effects of punching, for they did not leave the plate the same 
amount of ductility that drilling did. " The effect of perfo- 
rating a plate in one or more lines across the direction of 
stress is to cause lines of weakness ajt those parts to which 
also the extension is almost wholly confined. Consequently, 
owing to the form of the specimen where weakened, and the 
shortness of the length ov^r which extension occurs as com- 
pared with 10 inches (the length of the test samples), the 
percentage of extension upon that length is very much less 
than in the unperforated specimen," as shown by the follow- 
ing table, derived from this second series of . experiments,* 
which equally well with Table XXVIII. illustrates the way 
in which the ductility of the steel is affected by the mode of 
perforation. 

Table XXIX. — Experiments on the ultimate extension of solid and 
perforated Steel Plates (Bo£u:d of Trade). 





Mean iJtiinsteiextension set in 10 inches. 














J-Inch. 


l-lnch. 


{-inch. 


l-inciL : 




per cent. 


per cent. 


percent. 


per cent* 


IJTiperforated 


22-9 


30-3 


30-6 


29-0 


Punched . - - 


17 


2-9 


2-4 


0-76 


Punched and annealed 


5-8 


8-0 


,8-5 , 


8-0. 


Punched and bored • 


4-2 


6-6 


^•7 ' 


7-5 


DriUed - - - 


5-8 


7-8 


9-2 


12-0 



The small extension of the holes in the specimens, which 
were bored after being punched, compared with the annealed 
and drilled specimens, appears to provie that the annulus of 
metal bored out after punching was scarcely auflSciently. large 

* Merchant Shipping Experiments on Steel, p. 23. 
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to remove the hardening effect of punchhig. ^ It was also 
found that punched and countersunk plates, the countersmkin^ 
extending right through the plate, were as strong as drilled 
and countersunk plates, but they were not quite as ductile, 
proving that the hardening effect of the punching had not 
been totally removed by countersinking.* The foregoing 
experiments seem to show that in the event of the stress in 
a boiler constructed of very ductile steel approaching a 
dangerous limit, warning would probably be given by leakage 
at the rivet holes if the holes were drilled or the plated 
properly annealed after punching, f 

Professor Kennedy's experiments for the Eesearch Com- 
mittee of the Institution of Mechanical Engineers, and 
Admiralty experiments recorded by Mr. Wildish4 so far as 
^ey go, generally corroborate those made for the Board of 
Trade, and there can be no doubt therefore that punching does, 
as a rule, materially reduce the unit-strength of steel plates over 
^ inch in thickness, owing, no doubt, to its hardening effect oh 
the annulus of metal round each hole, while other modes of per- 
foration actually increase the tenacity of mild steeL At first 
sight it seems paradoxical that drilling holes in a ductile 
plate increaises' the unit-strength of the metal between the 
holes, and Professor Kennedy suggests § that it may be due 
to the contraction of area at the hole altering the usual some- 
what irregular flow of the metal under severe stress and render- 
ing it more uniform than in an unperforated plate, so that the 
stress is more uniformly distributed throughout the whole of 

* Merchant Shipping Experiments on Steel, ^26, 

t Idem, p. 16. 

t In the Admiralty experiments punching ^-inch plates with |-inch holes 
reduced their tensile strength from 28^ to 22 tons per square inch, and when the 
holes were driEed the corresponding result was 29i toDS nearly, and in those 
with the holes pu|iched small and countersunk to the full size and usual tipper* 
the tensile rtrength was just under 29 tons. Trans. Inst Nay. Arch., 1885, 
p. 182. 

§ Proc. Inst. M. E., 1881, p. 217. .... I 
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the fractured area of the perforated plate than throughout 
the solid plate. Kirkaldy, however, attributes the exoess unit- 
strength due to drilling to the resistance offered to stretch- 
ingy and consequently to contraction of area, when the breadth 
of the specimen is reduced by holes, and remarks :--^^' The 
ultimate stress borne by a specimen is greatly affected by the 
hardness or the softness of the material and by the shape of 
the specimen. The softer the material, the more rapidly does 
its sectional area become reduced by the specimen stretching, 
and consequently in the amount of stress sustained. When 
the breadth of a specimen is reduced to a minimum at one 
point, a greater resistance is offered to its stretching than 
when formed parallel for some distance ; and as the stretching 
is checked, so will also the contraction of area, and with it 
will be an increase in the ultimate stress.* Though the 
apparent tenacity per square inch of net area of a drilled joint 
with mild steel may thus be greater than that of the solid 
plate, it is not always safe to reckon on this in calculating the 
strength of a joint, for steel plates from different manufac- 
turers vary much in ductility and tensile strength.! Moreover, 
the excess tenacity of the plate will probably nearly altogether 
disappear when the pitch of the rivets is as wide as is usual 
in girderwork. With reference to the effect of different 
modes of perforation, Mr. Martell sums up his principal 
conclusions as follows 4 — 

Firstly. — "That in plates above J an inch in thickness, 
the loss of strength of iron plates by punching ranged 
from 20 per cent, to 23 per cent., while in steel plates of 
the same thickness it ranged from 22 per cent, to 33 per 

♦ Merch. Ship. Expts., p. 14. 

f The Board of Trade's instructions to their surveyors limit the makers of 
steel for marine boilers to 9 firms by name, and state that when the steel is 
not made by any of these makers the case will receive the special consideration 
of the Board, and this should be noted by the surveyors. 

t Trans. Inst. Nav. Arch., 1878, p. 5. 
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cent of tte original strength of the plates between the rivet 
holes. An occasional plate both of iron and steel showed a 
smaller loss than the minimum here indicated, but they were 
exceptional cases, so far as these experiments go." 

Secondly. — " That by annealing after punching the whole 
of the lost strength was restored, and in some instances 
greater relative strength was obtained than existed in the 
original plates." 

Thirdly. — "That the steel was injured only a small dis- 
tance round the punched holes, and that by riming with a 
larger drill than the punch, from j^^th to -Jth of an inch 
around the holes, the injured part was removed, and no loss 
of strength was then observable, any more than if the hole 
had been drilled." 

Mr. Martell further observes that the holes in the outside 
strakes of ships' plating have nearly all the distressed or 
injured parts around the hole removed by counter-sinking. 
It will be observed in the experiments recorded in Table 
XXVI. that punching reduced the unit-strength of all thick- 
nesses of plates, except the ^-inch plates. In the following 
experiments by Professor Kennedy, punching 1-inch holes 
with 2-inch pitch materially increased the unit-strength of 
soft f-inch Landore steel plates, as shown by the following 
table;* and it was not found to make any difference whether 
the die was -^ or /^inch larger in diameter than the 
punch : t — 

* Froc. Inst. M. E., 1881, pp. 243 to 246. 

t In punching the holes for the Board of Trade's experiments, the dies were 
larger than the punches by about one-fifth of the diameter, this proportion 
being adopted as affording a moderate degree of clearance to the punch. — 
Merch. Ship, ezpts. on steel, p. 18. 
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Table XXX. — Ed^peHmaUa &h the Tensile strength cf Landore JSteei 
Plates per/orated in d^erent watfs (Kennedy). 



Specimen. 


TensUe ttrength per aquve Inch of net Beetion. 


i-Uieh plates. 


l-tech plates. | 


l8t aeries. 


Sud series. 


Ut series. 


2adseriBi. 




tons. 


tons. 


tons. 


tons. 


Uaperforated 


Bi-n 


29-00 


81-45 


28-87 


Punched - - - 


34-74 


80-87 


34-14 


30-53 


DriUed - - 


3817 


32-26 


86-15 


. 82K)0 



In these experiments it will be observed that, 1st, the 
plates did not exceed |-inch in thickness. 2nd]y, they w&re 
Landore SS steel, a special quality of very mild steel, in 
which the percentage of carbon is said to be about 0*18 ; 
and the late Sir William Siemens, who controlled the liandore 
Works, always maintained that punching did not injure mild 
steel, whereas nearly all experimenters with other brands of 
steel maintained the reverse to be the case. Hence we may, 
probably, infer that very mild steel is in this respect some- 
what exceptional, for it will be observed in Table XXX. that 
with somewhat harder steel (34"-4 tons in J-inch plate) the 
excess tenacity fell to 0-33 tons per square inch when the holes 
were punched, but remained as before for drilled holes. 3rdly, 
the holes were large and close together — 1 inch in diameter, 
with only 1 inch of metal between hole and hole — and the 
tensile unit-strength of punched steel varies very considerably 
with the distance apart of the holes. Mons. A.Oonsid^re, indeed, 
concludes from his experiments that the resistance of punched 
steel may even surpass the normal strength of the unpunched 
metal in the case of the holes being very near together.* 
He explains this fact by the effect of punching, which, though 
it hardens and diminishes the ductility of an annulus of 
metal around each hole, yet increases its^ tensile strength, 
* Trans. Inst. Nav. Arch., 1884, p. 296. 
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mncli the same way as cold drawing strengthens wire. If 
nofw the holes are spaced close together, the annuli of hardened 
metal round two adjacent holes will touch, or nearly touch 
each other, and the mean unit-strength of the metal between 
the holes at the crisis of rupture will be nearly equal to 
that of the annuli, that is, higher than the normal unit- 
strength of the plate. If, however, the holes are far apart, 
the annuli of hardened metal do not stretch so much as the 
intermediate portions, and the annuli will therefore tear 
before this intermediate portion has come to its full capacity 
of tension, thus reducing the mean unit-strength of the metal 
betwiBen the holes at the moment of rupture below that of 
an unperf orated plate. In fact, the metal breaks in detail — 
first the annuli of hard metal, and then the more ductile 
intermediate portions. 

From the facts recorded in this section we may infer that 
punching seriously reduces the unit-strength of steel plates 
exceeding J-inch in thickness and to a less extent that, of 
J-inch plates, and though it may materially increase the unit- 
strength of thinner plates of mild steel, their excess strength 
is variable, and its amount cannot always be depended on. 

18. Tensile Strength of Plates in the Joint — The author 
has not met ivlth any experiments giving the tensile unit- 
strength of the net-plate area between the holes in single- 
riveted lap joints of steel with 'punched holes, but it is probable 
that the bending of the joint does not injure punched steel 
plates, unless they are very thick, to the same eztent as iron 
on account of the greater ductility of the steel. Table 
XXXI, contains experiments by Professor Kennedy on tte 
tensile strength of steel plates in single-riveted lap joints 
with drilled holes, and it will be observed that bending does 
not seem to injure drilled plates, though we have previously 
seen that it reduces the shearing strength of the rivets in 
slngle^riveted lap joints. 
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We also find that drilling the holes has materially raised 
the tensile unit-strength of the plate in all but the first two 
experiments, the excess in the others averaging more than 
10 per cent, over the unit-strength of the solid plate. 

Table XXXII. contains experiments made by Kirkaldy, 
for the Board of Trade and for Mr. Moberly, on double and 
triple-riveted lap joints with punched holes, and they are very 
valuable on account of the large size of most of the joints. 
It will be observed that the tensile unit-strength of all the 
plates not exceeding -j^-inch in thickness, and which tore 
straight or nearly straight across, either equalled or exceeded 
that of the solid plate, and that the j^-inch plates in which 
the firacture took a zigzag direction tore at a much lower 
unit-stress than the original plate, showing that punching 
had probably injured them and also that the longitudinal 
dbtance between the transverse rows of rivets was not 
sufficient to make them break straight across and thus develop 
their maximum strength. It will also be observed that 
plates exceeding ^-inch thick tore at a much lower unit-stress 
than the original plate in consequence of the injury done 
by punching, the thicker plates suffering most. 

Table XXXIII. contains experiments on double and 
triple-riveted lap joints with drilled holes. In these we 
again find that the tensile unit-strength of the plate, in 
consequence of drilling, was much greater than that of 
the solid plate, the excess averaging more than 10 per cent, 
in the thin plates, but considerably less in the | and 1-inch 
plates. 

Table XXXIV. contains experiments made by Kirkaldy 
for the Board of Trade on triple-riveted lap joints with 
plates punched and annealed, and here we find that the tensile 
unit-strength of the plate is considerably in excess of that of 
the original plate, and that this excess diminishes with the 
thickness of the plate. 

£ 
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Table XXXV. contains experiments on double-riveted and 
double-covered butt joints, with drilled holes ; and it will be 
observed that in those experiments in which the plates tore 
straight across, the tensile unit-strength exceeded that of the 
solid plate, but not at all to the same extent as in lap joints, 
no doubt because the transverse pitch of double-covered butt 
joints is much greater than that of lap joints, and the benefit 
derived from perforation is therefore of smaller amount. 

Mr. Liongridge states that he has found in chain riveting 
with iron plates and iron rivets a considerable excess of 
strength compared to zigzag riveting, both in butt' and lap 
joints, and the subject is worthy of further investigation. 

The unitHstrengths of mild steel plates in the joint differ, 
as has been just shown, according as the plates are punched, 
or drilled, or punched and annealed, and the following table, 
derived from Kirkaldy's experiments made for the Board of 
Trade on triple-riveted lap joints {See Tables XXXII., 
XXXIIL, and XXXIV.), illustrates this very clearly:* — 

Table XXXVI. — Unit-sirength of Plate between the holes in tripk- 
riveted Lap Joints compared with tJuU of the solid Plate (Steel 
made by Steel Co. of Scotland.) (Board of Trade.) 



Specimen. 


Unit-strength of net section between thelholes compared 
with that of the solid plate (=100). 


ilnch. 


iinch. 


finch. 


llnch. 


Punched - - - - 
Fonched and annealed 
DriUed - - - - 


per cent. 
106-0 
109-9 
113-8 


per cent. 
107-9 
114-8 
117-2 


per cent. 

96-6 

106-5 

106-5 


per cent 

47-8 

103-8 

105-9 



It will be observed that when the thickness of the plate did 
not exceed J inch, the unit-strength of the plate in the joint 

* Merchant Shipping Experiments on Steel, p. 29. 
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with punched holes was greater than that of the solid plate, 
but that it was 3*4 per cent, less in the |-inch plate, and over 50 
per cent, less in the 1-inch plate. At first sight there may seem 
to be a discrepancy between the punched plates in this table 
and in Table XXVII., which was derived from experiments 
on perforated plates, made by the same makers, and tested by 
the same experimenter, and which were punched but not 
riveted together in a joint. Nevertheless, other experimenters 
have arrived at the same conclusion — ^namely, that the unit- 
strength of the net section of steel plates in punched joints is 
often greater than that of the solid plate as ascertained by 
test samples and the following is offered as a possible expla- 
nation. When experimenting on riveted iron joints for the 
Koyal Irish Academy,* the author tested six perforated 
samples, all taken from the same |-inch iron plate, whose 
tensile strength in the solid was 24 tons per square inch. 
Each sample was 8 inches wide and perforated with 5 holes 
each '82 inch in diameter. Three of these samples were 
punched and three drilled, and hot rivets (dummy rivets) 
were inserted and riveted up in one of the punched and in 
one of the drilled samples. Their tensile strengths, com- 
pared with a test sample of the solid plate, were as follows : — 

Strength per 

square inch of 

net section. 

Tons. 

Solid iron plate before perforation - - - 24 

Plate punched, but without rivets (mean of 2) - 22*1 

Plate drilled, but without rivets (mean of 2) - 23'8 

Plate punched and hot rivets inserted - - 25*16 

Plate drilled and hot rivets inserted - - - 28*84 

We see here that the insertion of hot rivets and riveting 
them up greatly increased the tensile strength of the per- 
forated plates. This result was perhaps partly due to the 

♦ Eeport on Kiveted Joints, Trans. RLA., Vol. XXV. 
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contraction of the rivets, which caused their heads and points 
to grasp and hold together with strong friction the parts on 
each side of the holes, and possibly in a slight degree to the 
annealing effect of the hot rivets on the plate, but the increased 
strength was also probably to some extent due to the rivets 
preventing the holes from becoming oval under longitudinal 
stress, for Professor Unwin states that "in an experiment by 
Mr. Adamson the strength of a perforated plate was increased 
by driving a pin into the hole, so as to prevent the metal 
round the hole from collapsing into an elliptical shape,"* 
This explanation, it must be confessed, is not altogether 
satisfactory, for drilled joints ought, as well as punched 
joints, to derive benefit from the rivets preventing contrac- 
tion of the holes, and, as far as the author is aware, this has 
not been observed by experimenters. Mr. Wildish thinks the 
recuperative effect of the riveting on the strength of punched 
steel plates may perhaps be due to the bending of the joint, 
and that with such a ductile material as mild steel this 
bending may have the opposite effect that it has with iron and 
may reduce the injury done by the punch to mild steeLf On 
the other hand, Mr. Traill and his assistants attributed the 
great amount of injury sustained by the 1-inch punched joint 
(Table XXXEE.) to the bending of the joint, which, however, 
probably affects a very thick punched plate differently from a 
thin one4 

The experiments described in this Section prove that the 
metal between the rivet holes, when steel plates are drilled, or 
when they are punched and annealed, has generally a con- 
siderably higher tensile unit-strength than the original plate, 
the excess being greater with thin than with thick plates; and 
Professor Kennedy found in his experiments that " this excess 

♦ Proc Inat. M.E., 1881, p. 825. 

t Trans. Inst. Nay. Arch., 1885, p. 184. 

::: Merch. Ship. Ezpts., p. 30. 
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tenacity (with Landore SS steel) amounted to more than 
20 per cent (both in f -inch and |-inch plates) when the pitch 
of the rivets was about 1*9 diameters. In other cases §-inch 
plate gave an excess of 15 per cent, at fracture with a pitch 
of two diameters, of 10 per cent, with a pitch of 3-6 diameters, 
and of 6-6 per cent, with a pitch of 3*9 diameters ; and |-inch 
plate 7'8 per cent, excess with a pitch of 28 diameters." • 

If the shearing strength of steel rivets, and the tensile 
strength of steel plates between the holes in riveted joints 
average 23 tons and 30 tons respectively, the sectional area 
of the rivets should be nearly one-third greater than the net 
area of the plate, in this respect differing from iron riveting 
where the rivet area and the net plate area are very nearly 
equal to each other. 

19. Margin and Lap of Plates. — Prof. Kennedy found that 
drilled steel plates required the same margin as in iron joints, 
that is, that a margin (or net distance from outside of holes 
to edge of plate) equal to the diameter of the hole, was suflS- 
cient for steel, but he qualifies this in the case of high bearing 
pressure (as in double-covered butts), in which case he thinks it 
would probably be wise to Increase the margin ; and this view is 
corroborated by Mr. Moberly's experiments on double-covered 
butt joints, in several of which, especially those with punched 
holes, the margin of the plate burst out in front of the rivet — in 
one instance in the exceedingly rare manner of a piece of the 
margin being shorn out for the full width of the rivet, f It 
will be observed that several of the double-riveted joints in 
Tables XXXII. and XXXV. broke along the zigzag line, 
and when this occurs the plate evidently tears at a lower 
stress than it would if the longitudinal pitch (distance longi- 
tudinally between the centres of the transverse rows of 
rivets) were greater, so as to insure its tearing straight 

♦ Proc. Inat. M. E.. 1886. 

+ Proc. Xnat. C.B., Vol LXIX, plate 8. 
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across. To attain, therefore, the maximum strength of a 
joint the lap must be sufficiently wide to prevent the plate 
tearing along a zigzag line. The stress along this zigzag 
line is neither a purely tensile nor a purely shearing stress, 
but a compound of both ; and Mr. Moberly's experiments 
show that the capacity of mild steel plates, -^ and -/^ inch 
thick, to resist this compound stress is from 75 to 80 per cent, 
of their tensile strength ; accordingly the net section along the 
zigzag line should be about ^rd greater than that along 
the straight row of rivets. On this subject Prof. Kennedy 
observes : — " It has been found (with drilled holes) that the net 
metal measured zigzag should be from 30 to 35 per cent, in excess 
of that measured straight across, in order to insure a straight 

fracture. This corresponds to a diagonal pitch of vjp-f-«, if 

p be the straight pitch and d the diameter of the rivet-hole. 
To find the proper breadth of lap for a double-riveted joint, 
it is probably best to proceed by first setting this pitch off, 
and then finding from it the longitudinal pitch, or distance 
between the centres of the lines of rivets."* 

20. Friction of Steel Joints and Slip of Pfa<e«.— The 
friction of two plates held together by a single rivet is 
theoretically nearly equal to the contractile strength of the 
rivet multiplied by the coefficient of friction of one plate 
pressing on another, and in a joint it is theoretically pro- 
portional to the sectional area of the rivets in the joint. 
From experiments made by the author, the coefficient of 
friction for ordinary steel plates pressing on each other is 
about 0'6, and it has been shown in § 12 that the contractile 
strength of hand-made (nominal) |-inch iron rivets does not 
exceed 7 tons per rivet, or 12*32 tons per square inch of rivet 
area, as this stress will pull the heads off. Consequently, the 
theoretic friction of two steel plates held together by a |-inch 

♦ Proc. Inst. M. E., 1886. 



OF RIVETED JOINTS. 75 

iron rivet cannot mnch exceed 0*6 x 7 = 4*2 tons, or say 7*4 
tons per square inch of rivet area. Sir E. Beed describes 
some experiments in which one plate was single-riveted with 
3 rivets in a row between two other plates, so that the rivets 
were in double shear, and both sides of the middle plate were 
thus subject to friction against the covers. With iron plates 
and iron rivets slipping took place at a mean pull of 4*6 and 
5*6 tons per rivet for |-inch and 1-inch rivets respectively. 
With corresponding steel plates and steel rivets slipping took 
place at mean pulls of 4*1 and 5*5 tons respectively for |-inch 
and 1-inch rivets, or with very slightly less friction than with 
the iron * Mr. Wildish describes later experiments with 
steel rivets and steel plates made at Pembroke Dockyard, the 
middle plate being riveted as before with 3 rivets in a row 
between two other plates, so that the rivets were again in 
double shear. The 1-inch rivets were used in |-inch steel 
plates and the |-inch rivets in ^inch plates. The following 
mean frictional resistances per rivet were obtained with hand 
riveting : — 

l-in. rivet. |-in. rivet, 
tons. tons. 

With snap head and point, - - 6*4 4*72 

With pan head and boiler point, - 7*36 4*52 

With pan head and countersunk point, 8*55 6*25 

With countersunk head and point, - 904 4*95 

These results are not in proportion to the sectional area of the 
rivets, but they indicate that on the whole the friction is 
greatest for the countersunk rivets, in this respect differing 
from the earlier Admiralty experiments, in which countersunk 
rivets caused less friction than rivets with pan heads and 
conical points (see § 10). Some other experiments were 
made with machine riveting with snap heads and points, 
and the mean friction per rivet was 9*6 tons for the 1-inch 

* Wilson on steam boilers, p. 58. 
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rivets and 5*9 tons for the |-inch rivets, or a good deal higher 
than for the corresponding "hand" rivets with snap heads 
and points, but very little superior to "hand"^ rivets with 
countersunk heads and points.* 

It might be supposed that the friction per rivet of double- 
covered butt joints would be nearly twice as great as that of 
corresponding lap joints, but this does not appear to have been 
the case in Professor Kennedy's experiments, in several of 
which the friction per rivet in the butt joints scarcely exceeded 
that in the corresponding lap joints, and in others it was about 
one-third greater, and he gives the following approximate 
table, derived from his experiments with steel rivets and 
drilled steel plates, of the loads per rivet at which a joint will 
commence to slip visibly, and he adds the following rule: — 

" To find the probable load at which a joint of any breadth 
will commence to slip, it is only necessary to multiply the 
number of rivets in the given breadth by the proper figure 
taken from the last column of the table. It will be under- 
stood that the figures are not given as exact." t 

Table XXXVII. — Approximate Loads per rivet at which a joint will 
commence to slip visibly (Kennedy). 



Rivet diameter. 


Type of Joint 


Biyeting. 


supping load 
per rivet. 


inch. 








J 


Single-riveted, 


Hand, 


2-6 


n 


Double-riveted, 


if 


8*0 to 3-6 


» 


n 


Machine, 


7 


1 


Single-riveted, 


Hand, 


8-2 


» 


Double-riveted, 


n 


48 


»> 


n 




8 to 10 



♦ Wildiflh, Trans. Inst. Nav. Arch., 1885, p. 190. 
t Proc Inst. M. E., 1885. 
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It will be observed in Professor Kennedy's experiments 
that the friction mth machine riveting was twice as great sis 
with hand riveting, and this friction, as has been already 
mentioned in § 10, is an important factor in the staunchness 
of boilers, the working and proof stresses of which should, 
whenever practicable, not exceed the stress at which incipient 
slipping of the joint occurs. 

21. Bearing Pressure of Rivets, — In Professor Kennedy's 
experiments on single-riveted lap joints with bearing pressures 
of 50 to 55 tons per square inch the rivets sheared in most 
cases at stresses varying from 16 to 18 tons per square inch, 
and he concludes that the bearing pressure in lap joints should 
probably not exceed 42 to 43 tons per square inch, and that 
in double-covered butt joints a pressure of from 45 to 50 tons 
will cause shearing to take place at from 16 to 18 tons per 
square inch. High bearing pressure also seemed to have 
prevented the full excess tenacity of the drilled plate (of 10 
to 12 per cent.) from being reached, although it did not 
actually weaken the plate below its normal resistance.* 
Mr. Moberly states that in his experiments *'the bearing 
pressure per square inch of surface on the rivets varied 
a good deal, and it does not appear to have borne any 
relation to the shearing of the rivets, or to the yielding of 
the joint in any other way. As far as these experiments go, 
it appears that it may reach 50 tons per square inch at the 
moment of fracture." f Perhaps we may adopt provisionally 
as standard crippling pressures for steel rivets — 40 tons per 
square inch for lap joints, and 50 tons for the middle plate of 
double-covered butt joints, inasmuch as the bearing pressure 
of the rivet against the middle plate in the butt is evidently 
more uniformly distributed than it is in a lap joint which 
bends under severe stress. 

♦ Proc. Inst. M. E. 1885. 

t Proc. Inat 0. E. VoL LXXTI., p. 241. 
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22. Efficiency of Steel Joints. — The following table ^ves 
the estimated efficiency of steel joints, deduced chiefly from 
the experiments described in the previous pages, and which 
were made by Kirkaldy for the Board of Trade and for Mr. 
Moberly, and by Professor Kennedy for the !Research Com* 
mittee of the Institution of Mechanical Engineers. Calling 
the total tensile strength of the original solid plate 100, the 
approximate efficiency of various joints are as follows, provided 
the pitch of the riveting is such that the joint is on the point 
of giving way from the tearing of the plates or the shearing 
of the rivets indifferently, and provided that the punched 
plates are as mild and ductile as those made by the Landore 
Siemens Steel Company, and provided that in double riveting 
the longitudinal pitch is sufficient to prevent the plates 
tearing along a ^gzag line. 

Table XXXVIII. — Approximate Efficiency of steel joints of various 
hinds compared with that of the solid plate (= 100). 





Efficiency per ce&t 


ThickneflsofpUtes. 


tech. 


Inch. 


inch. 




itof 


|to| 


ftol 


Onginal Holid plate, . . . . 


100 


lOO 


100 


Lap joint, smgle-riveted, punched. 


50 


45 


40 


Do. do. drilled, - 


55 


50 


45 


Do. double-riveted, punched. 


75 


70 


65 


Do. do. drilled, 


80 


75 


70 


Butt joint, double-covered, double-riveted, punched, 


75 


70 


65 


Do. do. do. drilled, • 


80 


75 


70 



Future experiments may modify the foregoing perccsntages, 
and it will be recollected that extra soft rivet steel will 
seriously reduce the efficiency of a joint whose proportions 
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are based on the supposition that its shearing strength is up 
to the usual standard, and that in the commoner kinds of 
steel, such as those used in girderwork and shipbuilding, the 
excess strength due to drilling is less likely to be attained 
than with boiler plates, and the eflSciency of joints with such 
plates will probably be (say 10 per cent.) less than those 
given in the table. 

23, Proportions of Joints — Boilermaker^ Practice — Ship^ 
builder s" Practice — Girderwork. — The author is indebted to 
Mr. Moberly for the following tables of the proportions he 
adopts for the riveting of steel boilers at the Engineering 
Works of Messrs. Easton and Anderson at Erith, the holes 
being punched and the plates not annealed after punching, 
and he has added in each table the efficiency be calculates for 
the joints thus proportioned. 

liCt d = diameter of rivet, 
di = diameter of punch, 
t = thickness of plate, 
p =z pitch of rivets transversely, 
m = pitch of rivets longitudinally, that is,' distance 
apart of transverse pitch lines in double-riveted 
joints, 
i = lap of plates, 

di + « = diameter of die. 
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Table XXXIX.— PropoWto;?* of single-riveted lap joints for steel 
hollers (Moberlj). 



- 




2nd series with <!=: 3< (generaUy). 


Thick- 
ness of 
plates. 


d 


d, 


J> 


L 


efficiency. 


d 


^1 


T 


Z 


Calculated 
efficiency. 


inch. 


in. 


inch. 


inch. 


inch. 


percent. 


inch. 


inch. 


inch. 


inch. 


percent. 


A 


A 


.47 


li 


lA 


600 




•4 


i 


1 


55-5 


i 


A 


•81 


lA 


li 


69-8 




•54 


lA 


lA 


55^9 


A 


J 


•81 


2 


2tV 


60-0 




•68 


1* 


1» 


54*4 


« 


i 


•94 


2A 


21 


69-5 




•81 


lit 


2 


64-8 


h 


1 


1-06 


2* 


2» 


68-0 




•94 


2A 


2A 


54-8 


i 


li 


1^19 


8 


3 


66-7 


1 


1-06 


2i 


2f 


53*7 


A 


li 


1^816 


8A 


H 


53-5 


lA 


1^12 


2xV 


2| 


50-6 


N.B — 1st series should be generally used, except for circular seams of 
boilers with horizontal double-riyeted lap joints, for vikiek tue 2nd lerU*. 



Table XL. — Proportions of doubU-riveted lap joints for steel boilers 

(Moberly). 



Thickness of 
plates. 


d 


^, 


P 


m 


Z 


Calculated 
efficiency. 


inch. 


inch. 


inch. 


inch. 


inch. 


inch. 


per cent. 


A 




•4 


li 


* 


2i 


74-4 


i 




•64 


2 


lA 


21 


76-0 


A 




•68 


n 


li 


8i 


74-0 


f 




•81 


3 


li 


H 


74-4 


A 




•94 


H 


2 


4J 


71^8 


* 




1-06 


4 


2A 


H 


69^8 


A 


lA 


1-12 


4i 


2i 


H 


67-4 
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Tablb XLI.'^Proportums of double-riveted and double-covered hutt 
joints for steel boilers (Moberly). 



Thicknen of 
pUtes. 


ThidoiMSof 
eoyen. 


d 


dt 


P 


m 


L 


Caleolnfted 
effldeocx. 


Oater. 


Iniiv. 


inch. 


inch. 


inch. 


inch. 


inch. 


inch. 


Inch. 


inch. 


percent. 


f 




ft 


i 


•88 


8 


If 


H 


78-6 


A 


A 


'^ 


H 


•74 


3i 


2 


5 


777 


4 


i 


» 


i 


•81 


i 


2ft 


H 


75-9 


ft 


ft 


ft 


H 


•87 


H 


^ 


H 


74-0 



On these tables Mr. Moberly makes the following obser- 
vations : — " The tables of proportions here given are calculated 
from data furnished by experiments actually made with |^" 
double-riveted, double-covered, butt joints, in 1881,* and with 
^/' and ^y double-riveted lap joints, in 1882.t The plates 
were of Landore S quality, with a t^ensile strength of 30 tons 
per square inch, and the strength of the plates in the joints, 
between the rivet holes, along the straight line is taken — 

For thickness of plate, - ^'7", i", /^", f ", ^/, y, ^%", 
Strength per sq. inch in tons, 32, 32, 31, 31, 30, 29, 28. 

The shearing strength of the rivets has been taken at 23 tons 
per square inch for single-riveted lap joints, and at 25 tons 
per square inch for all others. The diameter of the die is 
one-fifth the thickness of the plate greater than the diameter 

t 



of the punch — t.^., diameter of die = (2| + ^. As the strength 

of the plate in Hie joint varies greatly with its thickness, the 
above experiments do not warrant any conclusion as to the 
strength of plates over -|^^'' thick, and the tables have, therefore, 

* Proc Inst. 0. E., VoL LXIX. 
+ Idm, Vol. LXXn. 
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not been carried above that thickness. If the holes are punched 
small and rimered, or drilled out of the solid, the strength cf 
the plate in the joint is increased, especially with the thicker 
plates, but it is uncertain as yet to what extent. It would 
probably have the effect of raising the efficiency of all the 
double-riveted lap joints to 75 per cent., and that of all the 
double-riveted, double-covered butt joints to 80 per cent.» 
and might therefore be worth doing for the thicker plates, 
but not for the thinner ones. As the rivets have an excess 
of istrength in most cases, especially in the thicker plates, the 
proportions would probably not require altering for holes thus 
punched." It will be observed that in punching steel Mr. 
Moberly makes the diameter of the die equal to that of the 
punch, plus 20 per cent, of the thickness of the plate, whereas 
in punching iron the usual allowance is only 12*5 per cent, 
(p. 20). In punching the holes for the Board of Trade's 
experiments, already described, the dies were larger than the 
punches by about one-fifth of the diameter, this proportion 
being adopted as affording a moderate degree of clearance to 
the punch.* In the discussion on Professor Kennedy's paper 
on riveted joints, at the Institution of Mechanical Engineers, in 
1885,Mr.Moberly said "that in order to get good riveted joints 
the rivet must be properly put in, and must fill the hole when 
cold, but as a matter of fact this is really never the case in 
consequence of the rivets contracting laterally in cooling. 
This is not so much the case with steel rivets, as they are, or 
should be, worked at a dull red heat. The practice of his 
firm had been originally to work the rivets at a higher tem- 
perature, but they found a great advantage in not going 
above a dull red. The most perfect joint would be one in 
which drilled holes were used and the rivets turned and closed 
quite cold." t 

* Meieh. Ship^ E<pt8. on Steel, p. 18. 
t EDgineezing, May, 1885, p. 5S4. 
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Mr. F. W. Webb, Locomotive Superintendent of the 
London and North Western Bailwaj, describes his method 
of dealing with steel boiler plates as follows: — 

'^ He first punched all the holes by a template machine, 
using a large bolster; he then raised the plates just to a 
blood-red heat, and put them on one side to cool ; and then 
did all the other work cold. When the plates were cold, they 
were bent into the proper circle, sponged with sal-ammoniac, 
and put together. After the boilers were made, the whole of 
the scale was taken off inside with sal-ammoniac and water; 
and as soon as they were dry they were given a coating of 
glycerine, if the boiler was likely not to be used at once, in 
order that corrosion might not go any further. The small 
ends of the two punched holes were put together; and he 
liked to have a very deep head for the rivets, so that they 
should not give way. Bivet heads were sometimes so flat that 
they actually curled up round the edge, and so caused leak- 
age. In the longitudinal joints he put the rivets in double 
shear by using a thin cover-plate outside and inside. In 
that case, and that only, he punched the hole about ^ smaller 
than the finished size, and then put a rimer through the 
three thicknesses together, and they came as true as possible. 
On this method he was making boilers at the rate of four 
every week — locomotive boilers working at 140 lbs. pressure, 
and they gave no trouble whatever." Mr. Webb finds that 
sponging the two inside surfaces of a joint with hot water and 
sal-ammoniac, before putting together, eats off the magnetic 
(black) oxide, which, if left on, gets pounded to powder in 
the act of riveting, and is thus left in the joint, causing 
leakage and corrosion. He also finds that this process saves 
in a great measure the necessity of caulking, as his boilers 
are practically tight at 160 lbs. pressure when they come out 
of the shop, without anything further being done.* Mr. Webb, 
* Proa Inst. M. K, ISSl, pp. 261, 263. 
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after trying various proportions of rivets and distances apart, 
''had arrived at a single-riveted butt joint with double 
oover-plate, the dimensions being, for a -j^inch plate, rivets 
} inch diameter, 24nch pitch, distance from edge of plate 
about 1^ inch, cover-plates | inch thick, 5;^ inch wide/V. The 
efficiency of this joint was stated to be 71*6 per cent, of the 
strength of the solid plate.* 

Mr. Wildish describes the Admiralty practice in the use of 
steel for shipbuilding in the following terms: — '' With regard 
to the treatment of the steel plates in working them into the 
hull, it may be well to remark that a? long ago as 1878 it 
was decided not to anneal them after punching, as a means of 
making good the injury to the material due to the punching. 
All the butt straps, however, to the plating forming an import- 
ant feature in the general structural strength, such as the out- 
side plating, deck plating, stringers, &c., were ordered to have 
the holes drilled in them, or to be annealed after the holes were 
punched. The countersunk holes in the outside plating were 
lit the same time ordered to be punched about ^th of an inch 
smaller in diameter than the full size required, the enlarge- 
ment of the holes being made in countersinking, which was 
to be carried through the whole thickness. Countersunk 
riveting was also to be adopted in the stringers, deck-plating, 
and other parts subject to considerable tensile stress, the 
holes being treated similarly to those in the outside plating. 
This practice is now (1885) followed in the service, and the 
annealing, both of the frame bars as well as the plates, is only 
carried out in very exceptional instances, and in order to 
relieve the tensions set up in the material in bending it to 
shape." t Mr. Baker states that '' in proportioning the 
riveted joints of the tubes and other members (of the Forth 
Bridge), the shearing area is generally made one and a-half 

* Proc. Inst. M. E., 1879, p. 804. 

t Trans. Inst Nar. Arch., 1885, p. 181. 



OF BIYETED JOINTS. 85 

times the net sectional area of the plates connected if in 
tension, and half that for planed and batted joints in com- 
pression only." The specified minimum strengths of the steel 
used for compression and tension members are 34 and 30 tons 
respectively, and the shearing strength of the rivet steel varies 
from 22 to 24 tons per square inch.* 

24. Theoretio Proportions of Steel Joints. — ^The theoretic 
proportions of steel joints may be found in the manner 
already described in § 14, p. 41, and, using the same symbols 
as before, we have the following rules : — 

a. To find the theoretic diameter of a steel rivet in single 
shear, we have from equation 3 (p. 42), 

Example 1. What is the ratio — in a dngle-riveted lap joint with driUed holes ? 

Here, c = 40 tons per square inch (see § 21), 

« = 22 tons per square mch (see p. 55). 

Answer, il = —JL-. = 2-81 
t 7854x22 

With ^-inch plates, for instance, (i = 116 inch. 

Example 2. What is the ratio - in a double-ziveted lap joint with d/riUed 
holes! 

Here^ « s 40 tons per square inch (s^ § 21^ 

f = 232tons per square inch (see p. 55). 

^nitosr. ^=._-^?-_ = 2-2 
t '7854x28 

With |-ineh plates, for instance, <2 b 1*1 inch. 

b. To find the theoretic diameter of a steel rivet in double 
shear, the shearing strength of a steel rivet in double shear 
being twice that in single shear (p. 54), we have from 
equation 11, 

7^2X-7854»'^F57^ ^^^^ 

* Engineering, Sept, 1884, p. 224. 
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Example 3. What is lihe ratio - in double-covered batt joints, either sil^e 

or double-riveted, with driUed holes ? 

Here, e = 50 tons per square inch (see § 21), 

< =:: 23 tons per square inch (see p. 55). 

Answer. ^ = _i^ = r38 
t 1-57 X 23 

With i-inch plates, for instance, c? = '7 inch. 

c. To find the theoretic pitch in single-riveted joints, either 
in single or double shear. From equation 5 (p. 42), 

e=i+i (18, 

Example 4. What is the ratio ^ in a single-riveted lap joint with driUed 
d 

holes, the tensile unit-strength of the solid plate being 28 tons per square inch, 

but increased by drilling to 30 tons in the perforated plate ? 

Here, c = 40 tons per square inch (see § 21), 

/ = 30 tons per square inch. 

Answer, P=^^:=.2'ZS 
d 30 

With }-inch plates, for instance (see ex. 1), p = 2*33 X 1*16 » 2*7 inches. 

Example 5. What is the ratio § in a single-riveted and double-covered butt 
d 

joint with drilled holes, the tensile unit-strength of the solid plate being 28 

tons per square inch, but increased by drilling to 30 tons in the perforated 

plate (p. 72) ? 

Here, c = 50 tons per square inch (see § 21), 

/ :?= 30 tons per square inch. 

Answer. £=50±15 = 2-67 
d 30 

With J-inch plates, for instance (see ex. 3), p = 2*67 X '7 = 1-87 inches. 

d. To find the theoretic pitch in double-riveted joints, either 
in sipgle or double diear. From equation 8 (p. 43), 

) 2 = ?^ (14) 

d f 

Example 6. What is the ratio ^ in a double-riveted lap joint with driUed 
d 

holes^ the tensile unit-strength of the solid plate being 28 tons per square inch, 

but increased by drilling to 29 tons in the perforated plate, the excess being less 

than in the two previous examples in consequence of the increased pitch (p. 72) ? 
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Here, c = 40 tons per square inch (see § 21), 

/= 29 tons per square incli. 

Answer. ^^^l±^ = Z'7e 
d 29 

With ^-incli plates, for instance (see ex. 2), p = 3'76 X I'l = 4*14 inches. 

Example 7. What is the ratio ^insk double-riveted and double-corered butt 
a 

joint with drilled holes, the tensile strength of the solid plate being 28 tons per 

square inch, but increased by drilling to 29 tons in the perforated plate ? 

Here, c = 50 tons per square inch (see § 21), 

/= 29 tons per square inch. 

d 29 

With ^-inch plates, for instance (see ex. 8), p = 4*45 X '7 =s 8*12 inches. 
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tions of the Comparatiye Theoretical and Practical Advantages of the 
various adopted or proposed T3rpe Systems of Construction, with numerous 
Formulae and Tables giving tiie weight of Iron m Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Flates^ crown 8vo, 
doth, 5j. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Pol3rtechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt R.E. With 500 illustrations^ 8vo, cloth, 15J. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, is, 6d. 

The Elementary Principles of Carpentry, By 

Thomas Trsdgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 ps^es of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, \%s. 

Section I. On the Equality and Distribution of Forces— Section II. Resistance of 
Timber ^Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion v. Constiiiction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scafiblds, Staging, and Gantries— Section VIII. Construction of Centres for 
Bridges — Section IX. Coffer-dams, Shoring, and Strutting— Section X. Wooden Bridges 
and Viaducts— Section XI. Joints, Straps, and other Fastenings— Section XII. Timber. 

Our Factories^ Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings, crown 8vo, cloth, 9X. 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rocks ; the peculiar features and modes of working ■ 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. With 
numerous illustroHons and maps, 1250 pp., super-royal 8vo, cloth, 
2/. I2r. td. 
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A Practical Treatise otp Coal Mining. By George 

G. ANDRii, F.G.S., Assoc Inst C.E., Member of the Society of Engineers. 
WUh 82 lithographic piaUs, 2 toIs., royal 4to, cloth, 3/I ixr. 



Iron Roofs : Examples of Design, Description. I/lus- 

traied with 64 Working Dranoings of Executed Roofs, By Arthur T. 
Walmisley, Assoc. Mem. Inst C.E. Imp. 4to, half-morocco, £,2 \zs, 6d. 

A History of ^Electric Telegraphy, to the Year 1837. 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc of Tel. Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, cloth, 9J. 

Spons^ Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deans, C.E. 2j. td. 
Contents : 

Introductory Remarks— Natural Productions— Architecture and Engineerini; —Topo- 
graphy, Trade, and Natural History^Prindpal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R,C.L With 
Map. 3j. 6^. 

Contents : 

General Description of South Africa— Physical Geography with reference to Engineering 
Operations— Notes on Labour and Material in Cape Colony— Geological Notes on Rock 
Formation in South Africa — ^Engineering Instruments for Use in South Africa— Principal 
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitary 
Engineering, Public Buildmgs, Mines — ^Table of Woods m South Africa— Animals used for 
Draught Purpose»— Statistical Notes— Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. CDanvers, Assoc. Inst C.E. With Map. 4r.6^. 

Contents : 

Physical Geograj^y of India— Building Materials— Roads— Railways — Bridges — Irriga- 
tion—River Works— Harbours— Lighthouse Buildings— Native Labour— The Principal 
Trees of India— Money— Weights and Measures— Glossary of Indian Terms, etc. 



A Practical Treatise on Casting and Founding, 

including descriptions of the modem machinery employed in the art By 
N, E. Spretson, Engineer. Third edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i&r. 

Steam Heating for Buildings; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Wanning 
and Ventilating Private Houses and Large Buildings, with remarks on 
Steam, Water, and Air in their relation to Heating. By W. J. Baldwin. 
With many illustrations. Fourth edition, crown 8 vo, cloth, lOr. 6<^. 
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The Depreciation of Factories and their Valuation. 

By EwiNG Matheson, M. Inst C.E. 8vo, cloth, dr. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Third edition, revised and enlarged, crown 8vo, cloth, 15X. 

Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst. C.E. WiiA ^i folding plates^ 
Svo, cloth, 24r. 

The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HOSKINS, 
F.R.I.B.A. Third edition, fcap. Svo, doth, is, 6d. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Meltmg of Iron, By T. D. 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations, crown Svo, cloth, lar. 6d, 

The Maintenance of Macadamised Roads. By T. 

CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. Svo, cloth, 6j, 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst. C.E., M. Inst. M.E, 
WUh 73//fl/^j, Svo, cloth, iSj. 

Pumps and Pumping Machinery. By F. Colyer, 

M.LC.E., M.I.M.E. WUh 2i folding plates, Svo, cloth, I2j. (id. 

The Municipal and Sanitary Engineer s Handbook, 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations y demy Svo, clo&, I2s, 6d, 

Contents : 

The Appointment and Duties of the Town Surveyor— Traffic — Macadamised Roadways- 
Steam Rollmg— Road Metal and Breaking — Pitched Pavements— Asphalte — ^Wood Pavements 
— Footpaths — Kerbs and Gutters — Street Naming and Numbering— Street Lighting — Sewer- 
age—Ventilation of Sewers— Disposal of Sewage— House Drainage^Disinfection— Gas and 
Water Companies, &c., Breaking up Streets — Improvement of Private Streets- Borrowing 
Powers— Artizans' and Labourers' Dwellings — Public Conveniences — Scavenging, including 
Street Cleansing — Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plans— Daneerous Buildings — Hoardings — Obstructions— I mprovmg Street Lines— rCellar 
Openings— Public Pleasure Grounds— Cemeteries-Mortuaries— Cattle and Ordinary Markets 
—Public Slaughter-houses, etc — Giving numerous Forms of Notices, Specifications, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated^ 8vo, cloth, \^s, 6d, 

The French' Polisher^ s Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, £mbod)ring, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Tlurd edition, royal 32mo, sewed, dd, 

HopSy their Cultivation, Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4f. 6^. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
, wood engravings and 2f) plates , cloth, z%s. 

Synopsis of Contents : 

Introduction — History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S. — Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay^Retort Setting— Hydraulic Main— Con- 
densers— Exhausters — Washers and Scrubbers— Purifiers— Purification— History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications— Gas Holders — Station Meter — Governor— Distribution- 
Mains— Gas Mathematics, or Formulae for the Distribution of Gu, by Lewis Thompson, Esq.— 
Services— Consumers' Meters— Regulators^—Bumers— Fittings — Photometer— Carburizatton 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gas — Residual 
Products— Appendix— Description of Retort Settings, Buildings, etc., etc 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
ctc.^ together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 2| pkUes, 2 vols., cloth, lor. 6d, 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations^ crown 8vo, cloth, 5^. 

The Principles of Graphic Statics, By George 

Sydenham Clarke, Capt Royal Engineers. With 112 illustrations. 
4to, cloth, izs, 6d, 

Dynamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor 
of Experimental Physips in University College, Bristol, etc., etc. Illus- 
tratedf 8vo, cloth, 12s, 6d. 
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The New Formula for Mean Velocity of Discharge 

of Rwers and Canals, By W. R. Kutter. Translated from articles in 
the ' Cultur-Ingenieur/ by Lowis D'A. Jackson, Assoc Inst. C.E. 
8vo, cloth, I2J. 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc By Thomas Box. Fifth edition, 
nunurotis plaUs, post 8vo, cloth, 5j. 

A Practical Treatise on the Construction of Hori 

zontal and Vertical Waterwheels^ specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
II plates. Second edition, revised and enlarged, small 4to, doth, I2s, 6d. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. Wit A plates, 8vo, doth, I2s, 6d,. 

Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt R.E. With illustrations, 8vo, cloth, y, 6d. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for CivU 
Engineers. Third edition, with 148 wood engravings, post 8vo, doth. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Aeents, the Influence of Friction, and introduces 



one of the most beautiful Laws of Motion— Chap. i. The princi^es expounded in the^rst and 
second chapters are applied to the Motion of Bodies — Chap. 4. The T 
umple Machines— Chap. 5. Useful Propositions and Rules. 



The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheek, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc 
By Thomas Dixon. Fourth edition, i2mo, doth, y. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant By G. Sgamell, F.K1I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With Tofiates, 8vo, doth, iSr. 

A Practical Treatise on the Manufacture of Starchy 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By TuLius Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works. With 58 illustrations, 
344 PPm Svo, doth, i&i. 
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A Practical Treatise on Mill-gearings Wheels, Shafts, 

Riggers, etc; for the use of Engineers. By Thomas Box, Third 
edition, with ii plates. Crown 8vo, cloth, 7^. 6/. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting— Ventilation— Pumping— 
"Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc,, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2J. fid. 

The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive 'applications. ' With 
66 illustrations. By H15NRY Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i8j. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanic^ Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9X. 

Contents : 

The Drawing Office and its Furnishingsr— Geometrical Problems — Lines, Dots, and their 
Combinations— <^olours. Shading, Lettering, Bordering, and North Points — Scales — Plotting 
-^Civil Engineers' and Surveyors' Plans-— Map Drawing'-^Mechanical and Architectural 
Drawing— Copying and Reducing Trigonometriod Formute, etc.. etc 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a- series of original and carefully calculated tables, df the 
utmQSt utility to persons interested in the iron trades. By James Foden, 
author of *• Mechanical Tables,' etc. Second edition revised, with iUustra" 
tions, crown 8vo, cloth, $s. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andrib, 
F.G.S., Assoc. Inst C.E. With 56 illustrations and 12 plates, 8vo, cloth. 
Its, 6d " . . 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 
CoNDiT and J. Scheller. Illustrated, 8vo, cloth, lOr. (>d. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3J. . 

Laxtofis Builders' and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5^. 

Laxtons Builders and Contractors' Tables, Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, Sx. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts ^ 8vo, cloth, i/. lar. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, is,, or sewed, 6d, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use, By S. Christopher. i8mo, sewed, 6rf. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illustrations, 8vo, cloth, 8f. dd. 
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A Glossary of Terms used in Coal Mining. By 

William Stukelby Grssley, Assoc. Mem. Inst C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated vdth 
numerous woodcuts and diagrams^ crown 8vo, cloth, 51. 

A Pocket-Book for Boiler Makers and Steam Users y 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 51. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Societ V of Engineers. IVith 64 illustrations, drawn and worked out to scale, 
8vo, cloth, I2J. 6^. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates^ in one Volume, half-bound morocco, 2/. 2x. ; 
or cheaper edition, cloth, 251. 

This work is not, in any sense, an elementary treatise, or history of t]ie steam engine, but 
is intended to describe examples of Fixed Steam £n|pnes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. ^ The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistoa<«, Piston-rods, Connecting- 
rods, Cross-heads, Motion- blocks. Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts smd the Mode of Applying the Indicator, 
Heat and Expandon of Steam Grovemors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow's Tables of Squares, Cubes, Square Roots, 

Cube RootSf Reciprocals of all Integer Numbers up to io,ooa Post 8vo, 
cloth, 6j. 

Camus {M) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins. Third edition, with 1% plates^ 8vo, cloth, 5^. 
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A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc,, with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables^ royal 8vo, cloth, 12^. 6^ 

Principal Contents : 

^ Part X. Introduction and the Principles of Geometry. Part a. Land Surveying ; com- 
prising General Observations— The Cham — Offsets Surveying by the Chain only — Surveying 
Hilly Ground — ^To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mappings— Division and 
Laying out of Land— Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling^The Level Book — Parliamentary Plan and Section — 
Levelling with a Theodolite — Gradients — Wooden Curves— To Lay out a Railway Curve — 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels— Bridcwork — Ironwork — ^Timber Measuring. Part 5, Description 
and Use of Instruments in Surveying and Hotting— The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Pi^oportionaJ Compass — Box Sextant— Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale — The Diagonal Scale— > 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents— Natural Sines and Co-Sines — Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Saws: the History^ Development^ Action, Classifica^ 

tion, and Comparison of Saws of all kinds. By Robert Grimshaw. 
iVith 220 illustrations^ 4to, cloth, I2J. 6d. 

A Supplement to the above ; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations ^ cloth, 9^. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations^ 
second edition, crown 8vo, cloth, 41. 6^. 

Laying and Repairing Electric Telegraph Cables. By 

Capt V. Hoskicer, Royal Danish Engineers. Crown 8vo, cloth, 

A Pocket-Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4/. dd. 

The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations^ 8vo, cloth, I2j. 6^. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College 
8vo, cloth, I2J. 6d, 
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Electricity: its Theory, Sources, atid Applications. 

By J. T. Sprague, M.S.T.E. Second edition, revised and enlarged, witk 
numerous illustrations ^ crown 8vo, cloth, 15J. 

The Practice of Hand Turning in Wood^ Ivory ^ Shelly 

etc.^ with Instractions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings^ crown 8vo, cloth, dr. 
Contents : 

On Lathes— Turning Tools— Turning Wood — Prilling — Screw Cutdng^Miscellaneous 
Apparatus and Processes — Turning Particular Forms — Staining—- Polishing — Siiiniiing Metals 
— Materials— Ornamental Turning, etc. 

Health and Comfort in House Buildings or Ventila- 
tion with tVarm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, With Supplement, with plates, demy 8vo, cloth, 7^. 6d, 

Treatise on Watchwork, Past and Present, By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, 6j. dd. 

Contents : 

Definitions of Words and Terms used in Watchwork — ^Tools — Time — Historical Sum- 
mary—On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc.— Of Dial Wheels, or Motion Work— Length of Time of Going without Winding 
up— The Verge— The Horizontal — The Duplex — The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation— Jewelling of 
Pivot Holes — Clerkenwell— Fallacies of the Trade— Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2x. 6^/. 

Algebra Self Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc Inst C.E., Author of ' A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s. 6d, 
Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity^— 
Positive and Negative Quantities— Multiplication — Involution— Exponents— Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common. Logarithms— Compound Multiplication and the Binomial Theorem— Division, 
Fractions, and Ratio— Continued Proportion — ^The Series and the Summation of the Series — 
Limit of Series — Square and Cube Roots — Equations — List of Formulae, etc. 

Spons^ Dictionary of Engineering, Civile Mechanical^ 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, $/. Sj*. Complete in 3 vols., cloth, 5/. 5j. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2j. 



In super-royal 8vo, iz68 ppn with 3400 UlustrtUumSi in 3 Divisions, cloth, price 13^. (d. 
each ; or 1 vol., cloth, a/. ; or half-morocco, 3/. Zs. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING. 

Edited by ERNEST SPON, Memb. Soc. Engineers. 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
IntegmL 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chinmey Shafts. 

Coal Cleansing and 
' Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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NOW COMPLETE. 

PViUA nearly 1500 illustrations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, ly, 6d, each ; Division 5, 17^. 6^. ; or 2 vols., cloth, £^ los, 

SPONS' ENCYCLOPEDIA 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following :— 

Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 



Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. i^ figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, ti 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 PP- 9 figs- 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9' pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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Crown 8vo, cloth, with illustrations, $s, 

WOEKSHOP EECEIPTS, 
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By ERNEST SPON. 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Barkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
' description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterproofing, 

Welding. 
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s. 

SPONS' 
MECHANIC'S OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 

Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other AUoys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning— Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — ^Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — ^Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete— Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
WhitewashingT- Paper-hanging— G^s-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 

London : E. & F. N. SPON, 126, Strand. 

New York : 85, Murray Street. 
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Canoes and Boats. ^ «• ^^ 

Canoe and Boat Building : a complete Manual for Amateurs, 
containing plain and comprehensive directions for the con- 
struction of Canoes, Rowing and Sailing Boats, and Hunting 
Craft, by W. P. Stephens, Toi^A numerous illustrations and 
24 /fiiles of IVorkin^JDrawings, crown Svo, cloth 7 6 

Colonial AgricTiltnre. 

Cultural Industries for Queensland : Papers on the cultivation 
of useful Plants suited to the climate of Queensland, their 
value as Food, in the Arts, and in Medicine, and methods of 
obtaining their products, by L. A. Bemays, F.L.S,, F.R.G.S., 
8vo, half calf 7 6 

The same, in cloth ' 6 

Electricians' Conference. 

Proceedings of the National Conference of Electricians, Phila- 
delphia, October 8th to 13th, 1884, i8mo, cloth 3 

Electricity. 

Dynamo-Electricity, its Generation, Application, Transmis- 
sion, Storage, and Measurement, by G. B. Prescott, wilA 
545 illuslralionsy 8vo, cloth 110 

Electricity in the House. 

Domestic Electricity for Amateurs, translated from the French 
of E. Hospitalier, Editor of " L*Electricien,*' by C. J.Wharton, 
Assoc. Soc. Tel. Eng., numerous illustrations , demy 8vo, cloth 9 
Contents : 
X. Production of the Electric Current — a. Electric Bells — ^3. Automatic Alarms— 4. Domestic 
Telephones— 5. Electric Clocks — 6. Electric Lighters-^. Domestic Electric Lighting— 
8. Domestic Application of the Electric Light— 9. Electric Motors-^xo. Electrical Locomo- 
tion — zx. Electrotyping, Plating, and Gilding — Z2. Electric Recreations— 13. Various appli- 
cations—Workshop of the Electrician. 

Electric Lighting. 

Wrinkles in Electric Lighting, by Vincent Stephen, with 
illustrations, l8mo, cloth 2 6 

Contents : 
I. The Electric Current and it& production by Chemical meaas-^. Production of Electric 
Currents by Mechanical means— 3. Dynamo-Electric Machines— 4. Electric Lamps— 
5. Lead— 6. Ship Lighting. 



22 Supplement to E. & F. N. Spon's 

Flax Spixming. ' ' * 

The Practical Flax Spinner; being a Description of the 
Growth, Manipulation, and Spinning of Flax and Tow, by 
Leslie C. Marshall, of Belfast, with illustrations, 8vo, cloth 15 

Foundations. 

Foundations and Foundation Walls for all classes of Buildings, 
Pile Driving, Building Stones and Bricks, Pier and Wall 
construction, Mortars, Limes, Cements, Concretes, Stuccos, 
&c, 64 illustrations^ by G. T. Powell and F. Bauman, 8vo, 
cloth 10 6 

Free Trade. 

The British Jugemath. Free Trade I Fair Trade!! Reci- 
procity !!! and Retaliation !!!! by G. L. M., 8vo, sewed 6 

Gas. 

Manual for Gas Engineering Students, by D. Lee, i8mo, doth 10 

Hydraulic Machinery. 

Hydraulic Machinery, Past and Present. A Lecture delivered 
to the London and Suburban Railway Officials' Association, 
by H. Adams, Mem. Inst. C. Y.^y folding plate, 8vo, sewed 10 

Indicator. 

Twenty Years with the Indicator, by Thomas Pray, Jun., 
C.E., M.E., Member of the American Society of Civil 
Engineers, 2 vols., royal 8vo, cloth 12 6 

Iron Trade. 

Annual Statistical Report of the Secretary to the Members of 
the Iron and Steel Association on the Home and Foreign 
Iron and Steel Industries in 1884. Issued March 1885. 8vo, 
sewed 5 

Locomotive. 

Locomotive Engine Running and Management; a Treatise 
on Locomotive Engines, showing their periformance in running 
different kinds of trains with economy and dispatch, also 
directions regarding the care, management, and repairs of 
Locomotives and all their connections, by Augustus Sinclair, 
crown 8vo, cloth 7 6 

Machinist's Calculator. 

The Machinist's and Steam Engineer's Practical Calculator, 
a compilation of useful Rules and Problems arithmetically 
solved, together with general information applicable to Shop- 
tools, Mill-gearing, Pulleys and Shafts, Steam Boilers, and 
Engines, by D. B. Dixon, royal 32mo, roan, vermilion edges 9 

Ordnance. 

The new Gun-System — Longridge, or the use of Wire in the 
Manufacture of Guns. A Lecture read at Coblence, Jan. 23rd, 
1885, by Callegberg, Captain and Chief of Battery ist 
Rhenish Field Artillery, Regiment No. 8, 8vo, sewed 10 
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Fliunbing. ^ *• ** 

Standard Practical Plumbing, being a complete Encyclopaedia 
for Practical Plumbers and Guide for Architects, Builders, 
Gas Fitters, Hot- water Fitters, Ironmongers, Lead Burners, 
Sanitary Engineers, Zinc Workers, &c., illustrated by over 
2000 engravings^ by P. J. Davies. Vol. I, royal 8vo, cloth 5 

Pneumatic Transmission. 

Pneumatic Transmission of Messages and Parcels between 
Paris and London, via Calais and Dover, by J. B. Berlier, 
C.E., small folio, sewed 6 

Beagents. 

List of Tests (Reagents) arranged in alphabetical order, 
according to the names of the originators. Designed especially 
for the convenient reference of Chemists, Pharmacists, and 
Scientists, by Hans M. Wilder, crown 8vo, cloth 4 6 

Bivers Pollution. 

Address on River Pollution, delivered at the Parkes Museum 
of Hygiene, by Professor Henry Robinson, Mem. Inst. C.E., 
8vo, sewed 10 

Sanitarv Engineering. 

Hand-book of Sanitary Information for Householders, con- 
taining facts and suggestions about Ventilation, Drainage, 
care of Contagious Diseases, Disinfection, Food and Water, 
with appendices on Disinfectants and Plumbers, by Roger 
S. Tracy, M.D., Sanitary Inspector, New York City, i8mo, 
cloth 2 6 

Sanitary Engineering. 

Women, Plumbers, and Doctors, or Household Sanitation, 
by Mrs. H. M. Plunkett, showing that if Women and 
Plumbers do their whole sanitary duty there will be compara- 
tively little occasion for the services of the Doctor, illustrated, 
crown 8vo, cloth 6 

Sewage. 

Ten Years* Experience in Works of Intermittent Downward 
Filtration, by J. Bailey Denton, Mem. Inst. C.E., second 
edition, with additions, royal 8vo, sewed 4 

Sewage. 

Some recent phases of the Sewage question, with remarks on 
"Ensilage," as applied to the storing and preservation of 
Sewage-grown Green Crops, by Henry Robinson, Mem. Inst. 
C.E., 8vo, sewed 10 

Soap. 

A Treatise on the Manufacture of Soap and Candles, Lubri- 
cants and Glycerin, by W. Lant Carpenter, B.A., B.Sc (late 
of Messrs. C. Thomas and Brothers, Bristol), with illustrations, 
crown 8vo, cloth 10 6 

Society of Engineers. 

Transactions of the Society of Engineers for 1884, 8vo, cloth 10 6 



24 Supplement to E. & F. N. Spon's Catalogue of Books. 
ShipbuUding. * '^ 

The Stability of Ships explained simply, and calculated by a 

new Graphic method, by J. C. Spence, M.I.N.A., 410, sewed 3 6 

Steam Boilers. 

Steam Making, or Boiler Practice, by Charles A. Smith, C.E., 

8vo, cloth 9 

Contents : 

z. The Nature of Heat and the Properties of Steam — s. Combustion — 3. Externally Fired 

Stationary Boilers— 4. Internally Fired Stationary Boilers^c. Internally Fired rortable 

Locomotive and Marine Boilers—^. Design, Construction, and Strength of Boilers— 7. Pro- 

Srtions of Heating Surface, Economic Evaporation, Explosions— 8. Miscellaneous Boilers, 
loice of Boiler Fittings and Appurtenances. 

Steam Boilers. 

The Fireman's Guide ; a Handbook on the care of Boilers, 
by Teknolog. foreningen T. I. Stockholm, translated from 
the third edition, and revised by Karl P. Dahlstrom, M.E.) 
second edition, fcap. 8vo, cloth 2 

Steam Engine. 

A Treatise on Modem Steam Engines and Boilers, including 
Land Locomotive, and Marine Engines and Boilers, for the 
use of Students, by Frederic Colyer, M. Inst C.E., Mem. Inst. 
M.E., wi^A 2l^plateSy 4to, cloth {Nearly ready.) 

Contents : 
z. Introduction-^. Original Engines— 3. Boilers— 4. Hi^h-Pressure Beam Engines — 5. 
Cornish Beam Engines — 6. Horizontal Engines — 7. Oscillating Engines — 8. Vertiod High- 
Pressure Enj^nes— 9. Special Engines — zo. Portable Engines— zz. XiOcomotive Engines — 
Z3. Marine Engines. 

Steam Engine. 

Steam-engine Management ; a Treatise on the Working, and 
Management of Steam Boilers, by F. Colyer, M. Inst. C.E., 
Mem. Inst. M.E., i8mo, cloth 2 

Surveying. 

Land Surveying on the Meridian and Perpendicular System, 

by William Penman, C.E., 8vo, cloth 8 6 

Surveying. 

The Topographer, his Instruments and Methods, designed for 
the use of Students, Amateur Photographers, Surveyors, 
Engineers, and all peraons interested in the location and con- 
struction of works based upon Topography, illustrated with 
numerous plates^ maps^ and engravings, by Lewis M. Haupt, 
A.M., 8vo, cloth 18 

Tanning. 

A Text-Book of Tanning, embracing the preparation of all 
kinds of Leather, by Harry R. Proctor, F.C.S., of Low Lights 
Tanneries, with illustrations^ crown. 8vo, cloth {Nearly ready,) 

War Ships. 

War Ships and Navies of the World, by J. W. King, Chief 
Engineer, U.S.A., new edition, revised (/« preparation.) 

London : 125, Strand. New York: 35, Murray Street. 
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